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PREFACE TO SECOND EDITION 


The second edition of these volumes has been long overdue, and its 
appearance has been delayed by the many pre-occupations of the authors, 
Uicluding tlieir service with tfie Royal Army Medical Corps during the 
.War. In some ways, this has not been without benefit to the work, as 
theybavc been thus enabled to incorporate much of the new and valuable 
experience gained during and after the War by themselves and others. 

The whole has been largely rewritten ; and new matter of importance 
has been added, tlie chapter on Fever. As in the first edition, 
free use has been made of the published work of others, and, wherever 
possible, suitable acknowledgement of such sources has been mad<^ 
We are specially indebted to Dr. John Milroy, of Queen’s (.ollege, 
Belfast;, for the thorough revision of the sections d(‘aling with Chemistry, 
physiological and pathological : to Professor Ernest Glynn, of Liverpool 
University, for notes on the Pathology of the Suprarenal Glands : and to 
Dr. James Dawson, Royal College of Physicians’ Laboratory, Edinburgh, 
for permission to use the beautiful illustrations of his Gold Medal Thesis 
on Inflammation. Mr. Richard Muir, of the Pathological Departmenj;, 
Edinburgh University, has again given us his invaluable help with the 
photo-micrographic and coloured illustrations; whilst the naked-eye 
photographs are almost entirely the work of one of the authors 
(W.E.C.D.). Many friends have helped us with proof-readiiyj, "and, in 
this connection, Prof(\ssor Beattie wishes especially to thank Miss^^fliirza 
Redman, M.Sc. (Lond.), one of his assistants : and Dr. Carnegie Dickson 
gratefully ackm)wledges the help of Dr. J. Browning Alexander and 
Dr. F. W. Hamilton, and of his assistants. Miss M. Irene Wilson and 

Mr. Arthur Griffin. 

• 

Since the appearance of the first edition of this work, we have to 
record with deep regret the passing of him to whom it is dedicated, our 
old teacher, “chief,” and friend, Wiliam 8niith Greenfield, wiiose name 
will live as one of the great British Pathologists — perhaps, indeed, the « 
father of modern British Pathology. 

J. M B. 

W. E. C. D. 

August 1921. 
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PREFACE TO FIRST EDITION 

• • 

In the preface to our TextbooJ^ of General Pathology we stated that, 
“ if any excuse were necessary for adding another to the many textbof)ks 
o£ Pathology, it would be found in the fact that the present volume is 
based on the teaching of the Edinburgh school. This school, in which 
the first chair of Pathology in the United Kingdom was founded, has 
sent its teachers and students to all parts of the world, and thus of 
necessity has had a considerable influence in moulding pathological 
opinion. In spite of this, some fundamental points which have been 
taught in Edinburgh for years, and which are founded on careful experi- 
mental investigations, combined with a very extensive experience in 
human morbid anatomy and morbid histology, have not, we think, 
received sufficient attention. To mention only two points-^on infarction 
much is yet taught which is quite in oj)position to experimental in,- 
vestigations, and the relation between certain diseases of the kidney and 
arterial degeneration seems to be very imperfectly understood. 

“ The book is intended primarily as a textbook for medical students* 
and practitioners, and we have, therefore, dealt fully with the more 
important and fundamental points in Pathology, and have either omitted 
altogether 6r dealt very briefly with rare and unimportant conditions. 
Minute microscopic anatomy of abnormal structures and tissuesjias been 
dealt with — though sometimes briefly, for we fully recognise thi^t no 
descriptive writing can be substituted for the actual specimen and the 
microscope, and, moreover, the subject is fully dealt with in textbooks 
on Morbid Anatomy and Histology.’’ No attempt is made to deal with 
such special subjects as Gynaecology and Diseases of the Eye and Ear; 
and only brief reference is made to subjects which are fully treated of in 
' textbooks on Surgery and Surgical Pathology. Bacteriology is so well 
dealt with in the many excellent textbooks now published, that, im- 
' portant as it is to, and inseparable though it bq from. Pathology, we 
have omitted it altogether as a separate subject. 

We have especially to thank our old teacher and chief — Professor 
Greenfield, of Edinburgh University — for placing the notes of his lectures 
at our disposal. At his suggestion the work was undertaken, and without 
his hearty co-operation and the benefits of his wide experience it would 
have been impossible for us to overtake it. To acknowledge his help is 
to us a pleasure, but it is, perhaps, even* greater pleasure to have tte 
opportunity of again bringing forward views founded on the results of 
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PREFACE TO FIRST EDITION 


careful observation and experiment, which he has previously published 
and taught for many years, but which have not received the attention 
and recognition which they merit. 

The compilation of a complete bibliography has not been attempted, 
though reference has been made to some of the more important papers 
consulted. We have made free use of the standard textbooks on 
pathology and medicine, and would specially acknowledge our indebted- 
ness to the New Sydenham Society’s Atlas of Illustrations of*Pathology, 
Fasciculus I, Diseases of the Kidney, A ResumS of the Present Knowledge 
of Jienal Pathology, by W. S. Greenfield, M.D. ; and to various papers by 
H. J. Stiles, F.R.C.S.E., on the classification and spread of Mammary 
Cancer. 

Almost all the illustrations are new, and arc from specimens either 
specially pre})ared by or for us, or kindly lent for this work. The great 
majority of the photo-micrographs arc the work of Mr. Richard Muir, 
Demonstrator of Pathological and Bacteriological Methods in the 
University of Edinburgh, and we desire to thank him for the care and 
trouble he has taken in their selection and preparation, the majority of 
the microscopical specimens being from his ])rivate collection. The ■ 
photographs of practically all the naked-eye specimens were taken 
personally by one of us (W.E.C.D.), and, where not otherwise acknow- 
ledged, are from specimens in his own private collection. 

We have also to thank Professor Cunningham, Curator of the Edin- 
burgh University Anatomical Museum, and the Fellows of the Royal 
College of Surgeons, Edinburgh, for permission to use specimens in their 
museum collections; and Mr. Henry Wade, F.R.S.C.Ed., Conservator 
of the Museum of the Royal College of Surgeons, Edinburgh, to whom 
we are indebted for the use of several specimens from his j)rivate collec- 
tion, .for purposes of illustration. To Sir Thomas R. Fraser, M.D., and 
Mr. H. J. Stiles, F.R.C.S.E., our thanks are due for permission to use 
photographs of certain of their cases: and also to Mr. Alexis Thomson 
and to Dr. R. A. Fleming, for the loan of microscopical preparations; 
to Drs. Lindsay Milne and Harvey Pirie, for their kind assistance in 
revising the sections on “ Diseases of the Liver ” and “ Diseases of the 
Nervous System” respectively; to the editors and publishers of Inter- . 
national Clinics, for permission to utilise a paper upon the “ Bone- 
Marrow,” published by one of us in that periodical ; and to Dr. A. Murray , 
Drennan and others, for their kind help in connection with proof-reading. 

Lastly, it is a pleasure to acknowledge the uniform kindness and 
courtesy which we have received from our Publishers in connection with 
this work, and we thank them for the great care which tliey have bestowed 
upon its production. 

J. M. B. 

* W. E. C. D. 

February 1909 . 
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CHAPTER XIV 

DISEASES OF THE-' CIRCULATORY SYSTEM 

DEVELOPMENTAL ABNORMALITIES OF THE PERICARDIUM, 
HEART, AND GREAT VESSELS 

M ALFORMATIONS.- Gomplete absence of the pericardium is very 
rare, but an imperfect development of it is occasionally found. Pouches 
in and from jt are described, but these arc most commonly protrusions of 
the serous coat, cither into the cavity, or outwards through a very thin 
or imperfectly developed fibrous coat. 

Congenital defects in the heart itself, and in the great vessels, are far 
from uncommon; and, to understand these properly, some knowledge 
of the development of the heart and vessels is essential. 

Development of the Heart and Vessels.— At an early period of foetal life, ^ 
the heart consists of a hollow tube, at first -straight, and later S-shaped. Sub- 
sequently, the lower limb of the S becomes curved up behind, i. e. dorsal to, 
the upper limb, and grooves appear upon it externally, first a transverse one 
corresponding with the line of separation of auricle from ventricle, and then 
more or less longitudinal ones separating the auricles and ventricles o^tlic two 
sides from one another. The cavities become divided by septa which develop 
from their lower and posterior walls. The ventricular septum is the first to 
appear. It, however, remains incomplete for a considerable time, a com- 
munication betweeji the two ventricles persisting at its upper part. Later, 
this’ communicating orifice is closed. The auricular cavities become divided, 
in a similar way, by two partitions, which meet and partiallyoverlap one another 
near the auriculo- ventricular septum. Union of these partitions is incomplete 
till after birth — the opening between them constituting the foramen ovale. 
The upper limb of the S forms the truncus arteriosus, and this also becomes 
longitudinally divided by a septum to form the aorta and the pulmonary 
^artery. In the feetus, the pulmonary artery and the descending aorta com- 
municate with one another by the ductus arteriosus, which conveys, from the 
right ventricle, by way of the trunk of the pulmonary artery, into the descend- 
ing aorta, most of the blood for distribution to the abdomen and lower limbs, 
as well as that distributed by the umbilical arteries. 

Imperfect development, or arrest— complete or incomplete, as the case 
may be — of the developmental process, may take place at any stage, and 
this may be localised to one or more special regions or structures. Thivs 
is to be explained the maiority of. the malformations of the heart and 
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great vessels, and, of these, only a very brief outline of the* commoner 
varieties need be given. 

Defects of the Ventricular Septum. — This septum may not be developed 
at all, or it may be incomplete. In the latter case, the opening between 
the two ventricles is situated usually at the upper part of the septum, 
where, even in the normal heart, no muscle-fibres exist, the dividing wall 
being composed of endocardium ^d a slight amount of intervening 
fibrous tissue alone— and hence the name pars membranaceai septi or 
undefended space applied to this region. Sometimes, however, the 
opening is towards the posterior part of the septum. Th^ body of the 
right ventricle may, in some of these cases, be atrophied, or almost entirely 
absent, and the foramen ovale is usually patent. In those cases in which 
the interventricular septum is completely absent, the l^My of the right 
vejitricle is usually absent, but its infundibular cavijby is well developed. 

Defects in the Auricular Septum. — ^This septum nfay be entirely absent, 
or, in other cases, deficient only at its lower part. One of the commonest 
abnormalities is a patency of the foramen ovale. Frequently the apert.uie 
is small, very oblique, and practically so valvular in character that there 
is little or no communication between the blood in the two auricles. 
More rarely, the opening is directly patent, i, e. the septum ovale is itself 
absent in whole. or in part., and there is thus a persistent communication, 
through which.^a inixing of the arterial and the venous blood takes place 
— a defect which is sometimes combined with congenital stenosis of the 
* pulmonary valve. 

Malformations in the Right Ventricle and Stenosis of the Pulmonary 
Artery. 

1. Subdivision of the Right Ventricle. — This abnormality is eompara- 
tiveljrAire, and in it the ventricle is separated from its infundibulum by a 
muscular partition, the ceidie of which is perforated by a foramen varying 
in size. The pulmonary cusps may be normal, or they may be united, pro- 
ducing stenosis of the orifice. There may be an interventricular foramen 
just below the opening from tlie ventricle proper into the infundibulum. 
The ductus arteriosus and the foramen ovale may be patent. In an 
examination of such cases, Keith, to whose work we are greatly indebted 
for our information on these malformations in the heart, found that the 
fibrous margin of the ostium infundibuli was covere^l by vegetations. 

2. Congenital Pulmonary Stenosis. < 

(a) Certain cases of this condition represent an arrest of development 

of the infundibulum; and the endocardium of the cavity is embryonic 
(fibro-cellular) in structure. The ostium infundibuli may be well marked, 
or represented by a mere thickening of the endocardium. The pul- 
monary valves are fu^ed in the majority of '^ases, producing a greater 
or less degree of stenosis, and, in some;,; the interventricular foramen is 
present. 

{b) In another<‘>group of cases, there has been an almost complete 
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developmental arrest of the infundibulum, and it may be represented by 
a mere slit ojr irregular chink situated at the orifice of the pulmonary 
artery and fined by thickened endothelium. The orifice of (he pulmonary 
artery may .be very small, the fused semilunar valves just dis- 
tinguishable, and the pulmonary artery represented by a mere 
fibrous thread at its origin. An interventricular foramen is always present, 
and, in some cases, the ductus arteriosus is also patent. 

(c) Stenosis produced by mere fusion of the semilunar valves is generally 
attributed to foetal endocarditis ; but Keith points out that, though these 
stenosed values are conij)osed of (iensc laminated fibrous tissue at tlitdr 
margins, yet the body of the valves shews a reticulated tissue distinctly 
embryonic in character. Moreover, many of these cases shew a degree 
of arrested development of the infundibulum; and a developmental 
defect, rather than an inflammatory action, must be regarded as causal. 

The effects produced by the narrowing of the pulmonary orifice 
depend, to a certain extent, on the period at W'hich it takes place. If the 
stenosis occurs during an early period of development, the increased 
pressure in the right ventricle forces the interventricular septum to the 
left side, the aorta comes to open paitly from the right ventricle, and the 
septum thus remains incomplete at its upper part. In the 'same way, 
the increased pressure in the ri^ht auricle interferes with the closure of 
the foramen ovale. Thus, in cases of congenital narrowing of the pul- 
monary att-ery, there arc frequently associated with it an incomplete 
ventricular septum and a patent foramen ovale. If the stenosis takes- 
place after the interventricular septum is complete, increased work is 
thrown on the right ventricle, and it becomes hypertrophied, sometimes 
to a very marked degree. The right auricle becomes dilated, and^tho 
foramen ovale remains patent. If this patency is very marked, there 
usually result enormous dilatation of both auricles, especially of their 
appendices, and hypertrophy of the left ventricle. The ductus arteriosus, 
in such cases, frequently persists as an open channel. 

Stenosis of the Aorta— a rare condition — is found at a jioint between 
the left subclavian artery and the opening of the ductus arteriosus, though 
it may also occur at the origin of the aorta. In the more usual form, 
the circulation is assisted by anastomowsis between the subclavian artery 
and the thoracic and abdominal aorta, particularly by way of the intenial 
•mammary and intercostal arteries. The stenosis, may be complete 
(atresia). A condition of subaortic stenosis has been described, in which, 
immediately below the orifice of the aort^a, a fibrous collar surrounds the 
infundibulum of the left ventricle. This is formed by an irregular thicken- 
ing of the endocardium, and, according to Keith, is due to a partial 
persistence of the bulhus cordis, which usually disappears on the left side 
of the heart. 

ABNORMALITIES IN THE CUSPS OF THE VALVES.— The valvular 
cusps of the pulmonary and aortic orifices are sometimes abnormal in 
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number or in size. There may be only two cusps — one generally beitig 
larger than the other, and sometimes shewing evidence of partial 
division. Three cusps are occasionally present, but two may be large 
and the third rudimentary; or there may be four, or even more, cusps. 

Fenestration is very common, but usually unimportant, the lunulse 
being the parts generally affected. Even when the cusps are normal 
in number and in size, there may be adhesions between them, giving rise 
to narrowing of the orifice. These adhesions are generally regarded as 
being due to endocarditis during intra-uterine life. The curtains of the 
aiftriculo'-ventricular valves frequently become adherent £o ‘«l)ne another, 
and produce narrowing of the mitral and tricuspid orifices. 

ABNORMALITIES IN THE LARGE VESSELsADoubling of the 
aorta, due to a persistence of the two developmental arches is 
found ; or the right arch may remain and form the aorta instead of the 
left. This is generally the case in dextro-cardia, but may occur inde- 
pendently of that condition. There may be stenosis of the aorta at, or 
beyond, the junction of the ductus arteriosus; or the aorta may be nar- 
rowed throughout its coUrse. Tliis general narrowing or hypoplasia of 
the vessel has been described as associated with, and even as causing, 
chlorosis, but the aortic condition is probably congenital in origin. Abnor- 
rnalitfes in the origin and distribution of the larger arteries need not be 
further referred to here, as such alterations do not, as a rule, give rise to 
important disturbance of function. In exceptional cases, the left superior 
• vena cava persists instead of the right, and the pressure of the heart 
upon it may produce obstruction. The aorta sometimes takes origin 
from the infundibulum of the right ventricle, and the pulmonary artery 
from the left ventricle. 

MALPOSITIONS OF THE HEART are rare. There ma)^ be complete 
transposition — dextro- or dexio-cardia — but, in such cases, there is 
generally, in addition, transposition of the other viscera. The heart has 
been found in the neck, in the middle line under the sternum, or imme- 
diately under the skin; and, when in the latter position, the sternum 
has usually a central longitudinal cleft. The heart has been described 
as lying below the diaphragm, between the stomach and abdominal wall, 
and also in the neighbourhood of the kidneys, or even in an umbilical 
heniia. 
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DISEASES AND INJURIES OF THE PERIUARDIUM AND HEART 

I. PERICARDIUM 

Developmental abnormalities of tliis structure have been described 
on p. 497. 

HYDRO-PERICARDIUM . — On post-mortem cxaniination, a very small 
quantity of transuded fluid is usually found in the pericardial sac. This 
may be increased to a slight degree (a few ounces) before death, or there 
may be a great increase, producing a condition of hydro-pericardium. 
The nature of the fluid depends largely on the cause leading to its presence. 
The commonest examples of hydro-pericardium are seen in diseases of 
the kidneys, and in the “ water-logging ’’ of chronic heart-disease. In 
such cojiditions, the fluid is watery and of a light straw-colour, and usually 
contains little albumin. It may, however, be bile-stained, or it may 
contain blood derived from dilated vessels which have ruptured. More 
rarely, the fluid is milky in appearance and- contains a large proportion 
of chyle. This is seen in cases where there is some pathological 
condition of the thoracic duct* or of its tributaries. 

In inflammatory conditions of the pericardium with eflusion — to 
which the term hydro-pericardium is not applied — ^the fluid may be rich 
in albumin, and blood may be present in considerable quantities. 

H^MO-PERICARDIUM results from various causes : — 

{a) A punctured wound of the heart usually gives rise to a consid^able 
collection of blood in the pericardial sac, and, if the weapon 
or missile has passed through th^ pericardium, there may be 
xlso a considerable degree of hsemothorax. In the majority 
of cases’ of huemothorax, however, it will be found that the 
liaemorrhage results from a wound of the lung, and that the 
blood does not come from the wound of the pericardium or 
heart. Wounds of the heart are usually fatal, but cases are 
recorded where recovery has taken place — even though the 
aiuid in the pericardium has become infected with gas-producing 
organisms. 

(6) Rupture of the Heart— This generally, if not always, occurs in 
a heart which has been weakened by pre-existing disease. 
Degeneration and narrowing of the coronary arteries, with 
associated fatty degeneration and atrophy of the muscle-fibres, 
is the pathological condition usually found in such cases. Most 
commonly, the rupture is in the wall of the left ventricle, on 
its anterior aspect neat* the septum. It is veiy ragged in 
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appearance, and runs usually in the direction of the muscle- 
fibres. The amount of blood in the pericardial sac varies from 
a feW ounces to a quart os more. 

(c) Rupture of an aneurism, either on the intra-pericardial portion 
of the aorta or on a coronary artery, will give rise to a similar 
condition. 

{d) Petechial, and sometimes larger, hsemoiThages are seen, especially 
in the subepicardial tissues, in toxic and bacterial o diseases. 
In deaths from asphyxia (e,g. drowning), small haemorrhages 
^ maybe seen (Tardieu’s spots). These sub-epicardial haemorrhages 
occur mainly at the base of the ventricles and along the vessels. 

(e) Other causes giving rise to an accumulation of iJlood, or of blood- 
stained exudates, in the pericardium arc mentioned under 
haemorrhagic pericarditis on p. 505. 

‘ MILK-SPOTS” are irregular, whitish, thickened patches of fibrous 
tissue, most commonly seen on the anterior surface of the right vent- 
ricle, or on the anterior surface of the left ventricle near the apex. 

« They are less frequently found on the posterior aspect of the left ventricle 
near the base of the heart. They may be merely opalescent thickenings 
of the epicardium, or they may be distinctly fibrous and almost “ carti- 
laginous” in consistence. In many cases, they are the remains of a locahsed 
pericarditis; but their situation, and their greater frequency in heaiis 
wldch are, or have been, hypertrophied or dilated, lend support to the 
view that they may be caused by a constant and increased degree of 
friction, giving rise to irritative overgro^vth of the epicardium. These 
milk-spots sometimes become oedematous in Bright’s disease, etc. More 
gejieralised thickenings of the epicardium are very common over dilated 
auricles, dilated auricular appendices, etc., or along the lines of dilated 
coronary arteries. The localised thickenings on the anterior surfaces of 
the right and left ventricles were attributed to pressure and friction by 
shoulder-straps worn by soldiers, and were in consequence known’ as 
soldiers’ spots. 

INFLAMMATION 

(a) ACUTE PERICARDITIS has always, for its cause, a bacterial or 
a toxic irritant. It most commonly occurs during an attack of rheum- 
atic fever, or such allied conditions as chorea,-acute tonsillitis, etc., but ♦ 
it is also common in pneumonia, especially in children, and occurs in 
other acute infective fevers, in septicaemia, pyaemia, and, in general, in 
any septic or bacterial disease. It also supervenes, though more rarely and 
generally as a terminal event, in Bright’s disease, in gout, in diabetes, in 
l^^irvyi in cancer, and in exophthalmic goitre. In all of these diseases, 
^jJ^re are organisms, toxins, or metabohe poisons of an unknown nature, 
inoculating throughout the system; and these organisms or poisons are, 

' 4ii®C!tly or indireotly, the cause of the inflammation. Acute pericarditis 
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also arises by local extension of inflammation from a neighbouring area. 
tTius, inflanynation of the pleura, of the lungs, or of the mediastinal 
cellular tissue or glands may involve the pericardiuirP secondarily. 
Inflammation of the myocardium more rarely spreads to the pericardium, 
but abscesses in the heart-wall in cases of pyaemia, or abscesses in the 
mediastinum, or in the ribs, sternum, or elsewhere, may rupture into the 
pericardial sac and set up acute inflammation. 



Except for the fact that they are modified, in some degree, by the 
constant movements of the heart, the phenomena observed in acute 
pericarditis are practically identical with those seen in acute inflam- 
mation of any other serous surface, and are fully described in 
the chapter on Inflammation (see page 163 et seq,). The exudate into 
the sac may be very slight and may be converted into fibrin, so 
that there is no accumulation of fluid, and thus a condition of diy or 
fibrinous pericarditis results. This is seen especially in the inflam- 
mation occurring in Bright's disease, and sometimes in that following 


604 


SPECIAL PATHOLOGY 


pneumonia. More commonly, however, there is, in a greater or less 
degree, an effusion of fluid into the cavity. This effusion m^y be sgl^QUS, 
56ro*purulent,^ purulent, or hsemorrhagic, its character depending, to a 
certain extent, on, the nature of the causal agent. Thus, in a pericarditis 
due to the rupture of an abscess into the sac, or when the condition is 
set up by the common bacteria ^of suppuration, the exudate is purulent 
or sero-purulcnt. In the most typical forms — rheumatic and pneumo- 
coccal pericarditis — ^the exudate is commonly sero-fibrinous in ^character, 
or slightly turbid. It is very rarely, if ever, purulent. Fibrin-formation 
tei;ids to occur in a marked degree, especially in the pheumococcal 
cases, and both the peri- and cpi-cardial serous layers become coated with 
whitish, shaggy masses of it, which, at first, are quite easily separated, 
but which, later, become vascularised and adherent. In its earlier 
stages, before such adhesions have taken place, this has been described 
as the “ honeycomb ” or dog’s tongue ” condition, and is very aptly 
compared to the appearance presented by pressing together and then 
drawing apart two thickly buttered sUcea of bread {see fig. 232a). 

In the earl}^ stages of the inflammation, the fibrin may form a very 
thin layer, and may be found only at the base of the heart, and around 
and between the great vessels. The causal organisms may or may not 
be present in the exudate. In the latter case, they are usually found 
In the tissues at or near the surface. 

Terminations of Acute Pericarditis. — If the exudate is scanty in 
amount, or if the layer of fibrin is thin, complete absorption of the inflam- 
matory products may take place, and the heart return to its normal 
condition — usually, however, with some evidence of slight chronic fibrous 
thickening, especially of the. epicardiuin. Adhesions, however, are very 
apt to occur between the visceral and parietal layers of the pericardium, 
owing to the organisation of the exudate at an early period, the granul- 
ation-tissue thus formed becoming converted into dense fibrous tissue. 
These adhesions may extend over the surface of the whole heart, or may 
be limited in extent. They arc more liable to occur in cases where there 
is little or no effused fluid to separate the inflamed surfaces, and at those 
parts of the heart which alter their relations to the parietal pericardium 
in least degi'ee during cardiac movements, c. g. near the apex, over the 
left aiypicle, and at the base of the great vessels.^ Organisation of the 
fibrinous exudate may take place in localised areas over the epicardiiun, 
and thus may be formed the irregular, whitish areas of fibrous tisisue, 
already described as one variety of milk-spots (p. 502). Sometimes, 


portions of the fibrin remain \mab8orl)ed, and calcificatloa occurs in 
thes<^, as well asin adhesions, and in the thickened patches on the 
of the heart or of the periesurdium. 

CoiiditiiohS. — Acute periwditis may be associated with^ 
lipfl result from, the sjpread of inflammatory conditions in the adjacent 
imd <4gahs^|: oT, on the other hand, it is sometimes the primary 
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a|[ection, and a secondary spread takes place from the pericardium to 
the pleura, kings, or to the mediastinal tissues: A marked increase of 
the fibrous- tissue in the mediastinum, with adhesion of the exterior 
of the pericardium to surrounding parts, is a common sequel, or these 
adhesions may be present without much fibrous rnediastinitis. The 
invasion of the myocardium usually extends to a very slight depth ; but, 
in rare cases, it penetrates throughout the muscle-substance, producing an 
extensive myocarditis, which may lead to serious derangements of the 
circulation, or to the death of Jbhe patient. The adhesions, to wliich 
reference has already been made, may be very dense, and constitute a 
serious impediment to the movements of the heart. Interference with 
the heart’s action is also caused by the deposit of lime-salts in the 
fibrin -remnants, with the formation of a more or less complete calcareous 
investment or “ case.” These hindrances compel the heart to act under 
considerable difficulties, and great hypertrophy and dUatation {cor 
bovinum) are produced, especially if there arc extensive adhesions to 
the chest-wall and lungs, as in cases associated with rnediastinitis or 
inflammation of the mediastinal cellular tissue. 

(6) SUPPURATIVE PERICARDITIS (PYO-PERICARDIUM).- This 
condition is generally the result of pyaemia or septicaemia, and is then 
due directly to septic infarcticip, or to the lodgment, in the pericardium 
or the superficial layers of the heart, of bacteria which produce suppur- 
ation. Abscesses are formed in the heart -wall, which spread to,or rupture 
into, the pericardial sac;" or the surface of , the pericardium is invaded 
by pyogenetic bacteria which bring about leucocyte-emigration and all 
the other phenomena of pus-formation. Suppurative pericarditis may 
also, however, be secondary to empyema, to pneumonia, or to abscess- 
formation in the lungs, mediastinal tissues, or bones, etc., of th» thorax, 
.to rupture of a gastric ulcer, and to other lesions. In its essential 
features, the suppurative form of pericarditis resembles the non-sup- 
purative forms, but, as a general rule, it does not tend to spread to 
the heart-muscle. 

Seroi||i$ and sero-fibrinous exudates, in cases of acute pericarditis, may 
become purulent, but this is not common ; and, in rheumatic pericarditis, 
suppuration, if it occurs at all, is very rare. 

(c) HASMORRHAGIC PERICARDITIS —This form of pericarditis 
occurs specially in persons whose capillaries, on account of degenerative 
and other changes, easily rupture, and is most commonly seen in cases 
of scurvy, purpura hssmorrhagica, and haemophilia. It is observed also 
in some chronic alcoholics, and in people who have, been exposed to 
privation and cold. A similar condition sometimes supervenes in tufeer- 
cidogis, sar^ma, or cancer of the pe4cardium or heart. The exudate 
may be almost pure blood, but all degrees of the condition, intermediate 
between this and a serum mertSy slightly blood-i9|tained, may occur, 

{d) TUBERCULOUS PSRICARi)ITIS» though comjmratively common 
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in cattle, ia somewhat uncommon in man. It may be* secondary to 
tuberculous pleurisy or empyema, or to tuberculosis of the lung, media- 
stinal glands,' sternum, or ribs. Miliary tubercles, though they occur, 
are rarely found in the pericardium in the course even of acute and 
wide-spread general tuberculosis. A very few scattered tubercles, 
usually along the coronary vessels, are not extremely rare in children. 
In exceptional cases, innumerable minute tubercles may occur. The 
pericardial surface is sometimes covered merely with a thin Jayer of 
fibrinous exudate, which, on naked-eye examination, is indistinguishable 
frqm the n on-tuberculous variety. On the other hand, the ekudate is not 
uncommonly thick and irregular, and numerous adhesions may exist 
between the two serous surfaces. The exudate may be serous, purulent, 
or haemorrhagic. It is, in most cases, extremely difficult to demonstrate 
JS. tuberculosis either in the fluid or in the fibrinous exudate. Usually, 
however, on microscopical examination, tubercle-granulations, with or 
without giant-cells, are found, either in the fibrinous exudate itself, 
or in the deeper layers of the pericardium. 

Calcification is a common sequel of the tuberculous process, and the 
necrotic and destructive changes characteristic of tuberculosis cause very 
considerable damage to the heart. 

(e) PNEUMO-PERICARDIUM.-— Tliis is uncommon and is due to 
the infection of the sac by one or more of the gas-producing organisms, 
e. g. J3. welchii {perfrhigens), B, oedemaliens, Vibrion septique^ etc., 
introduced generally through a perforating wound. 

In compound fracture of the ribs or sternum, penetrating wounds of 
the chest, etc., air may be introduced from without; and, in gangrenous 
or tuberculous cavities in the lung, in pyo-pneumothorax, in ulceration of 
the oesophagus, and in subdiaphragmatic abscess, communication may be 
established between the lung and the pericardial sac. In the majority 
of the cases, the effusion becomes purulent. 

Note. — P ericarditis, ih association with Polyserositis, has Jbeen referred to by 
several authors, and by some regarded as tuberculous. In our experience, if those 
cases are carefully examined, they will be found to be multiple foci of some bacterial 
infection — most frequently pneumococcal or streptococcal. ^ 

TUMOURS AND PARASITES*— -Fibromas and lipomas may occur 
as primary tumours, but are extremely rare. Secondary tumours are 
also uncommon, but lympho-sarcomas, melanotic" sarcomas, and cancers 

do occasionally occur. These arise by direct spread from surrounding 
parts, or they may be in the form of metastases from other organs. 
Secondary growths sometimes start in the heart-wall and invade the 
pericardium. Epitbeliomata have been described as‘’arising secondarily 
to epitbeliomata of the lip, tongue, or C0so|jiagus. 

Hydatid cysts and Cysticerci are occasionally met with. 



DISEASES OF THE CIRCULATORY SYSTEM 


507 


II. ENDOCARDIUM* 

• * 

The endocardium consists of a delicate layer of flattened endothelial cells 
which lie on a very thin supporting structure of fibrous tissue. The valve- 
segments are prolongations of the endocardium, with, at places, a slight amount 
of fibrous tissue between the layers, and arc non-vascular. 

DEGENERATIONS 

(а) dtoUDY SWELLING of the endothelial cells occurs in almost any 
infective di^ase. 

(б) FATTY DEGENERATION may be associated with cloudy swellnig, 
but also results from the action of cell-poisons such as chlorofonn or phos- 
phorus* It is most commonly found near the base of the left ventricle 
and on the anterior flap of the mitral valve. The fatty areas are, usually, 
dull white or yellowish- white in colour, and lime-salts may be deposited 
in them. 

(c) CALCIFICATION occurs sometimes as a se(]uel of fatty degenera- 
tion, or it* may follow’ other degenerative and chronic inflammatory 
changes. The cusps of the aortic valve and the anterior flap of the 
mitral are its most usual sites. 

{d) WAXY DEGENERATION is said to occur in the sub-endothclial 
layer of fibrous tissue in the right auricle. If it occurs at all, it must 
be extremely rare. 

(e) GOUTY or URATIC deposits are sometimes found in the mitral 
valve-segments or elsewhere. They are rare, and arc generally associat-ed 
vith fibrous degeneration. 

HAEMORRHAGES 

Ecchymoses or petechial heemorrhages are frequently fouq^l in the 
endocardium immediately under the endothelium, especially in the left 
ventricle. They are most commonly associated with similar hieino- 
rrhages in other parts of the heart, particularly in the epicardium. 
They occur principally in septic diseases, and in such conditions as give 
rise to fatty or other degenerative changes in the endothelium of capillaries, 
as, for ’Example, pernicious anaBiuia, phosphorus-poisoning, chloroform- 
poisoning, etc, 

INFLAMMATION 

Endocarditis may be acute or chronic. The acute form has been 
divided into two types— the simple ” and the “ malignant ” or ulcera- 
tive. Recent research has shewn conclusively that, ju both forms, the 
valyes are attacked by bacteria. Vegetations are formed, and these 
vegetations and the valves or other parts to which they are attached 
may, or may not, undergo #ftenmg, with the productiorL of ulcsprat^ion. 
Further, the organisms isolated from an ulcerative case have, experi- 
mentally, in one animal given rise to the ulcerative form of endocarditis, 
whilst, in another animfil of the s’ame species, .a simple endocarditis has 
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resulted. Thus, it will be seen that the distinction usually made between 
the two forms, though very convenient clinically, has no. pathological 
basis, and, moreover, all intermediate degrees between the two extremes 
occur. At the same time, it is convenient, for purposes of description, 
to describe the two forms separately. 

(a) SIMPLE (NON-ULCERATIVE) ACUTE ENDOCARDITIS.— This 
form occurs most commonly in acutf rheumatism, and in allied conditions 
such as chor,^. About ^ to 90 per cent, of the cases are rheumatic in 
origin. Cases have been described asjpllomng scariet fever* and some 
other infectious diseases, and also as occurring during, and apparently 
associated with, Bright’s disease. In definitely rheumatic ^ses, several 
observers have described the presence of bacteria, and the organism which 
has received the greatest support as the cause of the disease is a small 
diplococcus described by Wassermann, and afterwards by Poyuton and 
Paine and others. This diplococcus has been isolated in cases of acute 
rheumatism; and, following upon its inoculation into rabbits and 
monkeys, typical rheumatic arthritis, accompanied, in many cases, by 
endocarditis, has resulted. Much evidence has been brought forward 
in support of the causal rclationslup of tins organism to rheuma- 
tism, but at present the case remains sub judice. The experimental 
work done by one of the writers ^ leads us to support very strongly the 
view that the Diplococcus or Streptococcus rheumaticus is a causal factor. 
This organism may be, and probably is, a common inhabitant of the 
mouth ^and the intestine. Under certain circumstances, it assumes a 
more or less virulent character. This increased virulence may be inherent 
in the organism itself, or it may be a result of the lowering of the vitality 
and resisting power of the individual attacked. According to this 
view, the endocarditis of scarlet fever or of any infectious disease, or 
even that seen in Bright’s disease, may have as its primary cause the 
same organism, which, under different circumstances, can give rise to 
acute rheumatism and chorea, and even to ulcerative endocarditis and 
septicssmia or pysemia. There is also evidence that acute endocard- 
itis of a non-ulcerative type is set up by the Puimmocoocus, the 
Omococcus, and other common pathogenetic bacteria; but such cases 
are comparatively rare, and^the commoner result of infection by these 
organisms is an ulcerative and destructive change in the valves. The 
minute vegetations which are sometimes seen on the valves in debili- . 
taring diseases, such as cancer, pulmonary tuberculosis, diabetes, etc., 
may also .be bacterial in origm, the low, bactericidal power of the btadd 
in these cases predisposing to infective conditions. 

HorUd Anatomy mi Histology.— The vdves ^ the special 
endocarditis, though, in some cases, there ^ a spread to the, adjacent 
v^jparts of the endocardium, Dttring extruj^nterine life, the valv’es of the 

Fail md 10^; Jour. R^earoh, January 
Jour. Mxp. 'March 1907. _ ' '■ / 
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left side of the heart are more frequently affected than those of the right 
side, and th^ mitral more commonly than the aortic,* though both may be 
attacked at the same time. After birth, it is rare to get a primary endo- 
carditis affecting either the tricuspid or pulmonary valves alone ; but, 
in intra-uterine life, the valves on the right side seem specially to suffer. 
This variation in incidence, occurring in these two periods, is probably 
to be explained by the fact that the strain is greatest on the right side 
during • intra - uterine. 


and on the left side 
during exfra - uterine , 
life, this strain render- 
ing the valves more 
vulnerable to attack by 
bacteria. The affected 
valves — which often 
shew a slight pinkish 
tint * from blood-stain- 
ing — become swollen 
and translucent, espe- 
cially at or near their 
free margins, which 
usually present an ir- 
regular, beaded appear- 
ance. If, as may occur 
especially along the 
margins of contact, the 
swollen and softened 
endothelial cells become 
loosened and detached 
— or even without the 
loss of the covei^ng en- 
dothelium“--the blood- 



platelets tend to adhere Pio. 233.— Acute EndooarditiB, with Tesotations od the 

to the * rouffhened and anterior cusp of the mitral valve and on the aortic 
ID DUe rougiieiieu ana (Edinburgh University Anatomical Museum. 

damaged surface, agglu- Catalogue No., ar. F. b. 4.) 
tinating into small 

masses, at first, papillary in character and r^embling a delicate 
velvet-pile ; but later, becoming increased in size by a further 
deposit of platelets. Leucoqytes become entangled among these, 
and may break down and Wng about the formation of fibrin. 
T|ius, the vegetations enlarge and become more opaque, and of 
a whitislj or yellowisH-whife colour, in some Cases attaining a con- 
siderable size, MieroseopleaUy^ they are seen to be non-vascular, 
homogeneous* masses composed of fused blood-platelets and fibrin. 
Bacteria are usually present at sCme stage in the process of formation, 
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but they may be destroyed or so altered that they are not seen after 
death. On the mitral segments, the vegetations are almojst invariably 
on the auriciilar surface' near 4he f»ee margins; and, on the aortic cusps, 
they are most commonly found on the ventricular aspect, at or near 
the edges of apposition, along the lunulse and on the corpora Arantii. 
If the inflammation is intense in the mitral segments, it may spread 
to the chordae tenl^ieae, and even to the papillary muscles and 
neighbouring endocardium. These structures become swolleii* and in- 
filtrated with inflammatory products, and the chord a3 teiidinese 
sopietimes rupture. From the aortic cusps, there may be' a spread to 
the wall of the ventricle, but this 'occurs chiefly 
in the ulcerative tyjK^ 

(b) ULCERATIVE, “MALIGNANT ’ or 
“SEPTIC” ENDOCARDITIS may be divided 
into two forms, a primary one resulting from 
the direct action of bacteria in pyaemia, septi- 
caemia, etc., and a secondary form where, in 
the course of, or as a sequel to, an acute, 
sijnple endocarditis, ulceration supervenes. The 
clianges produced in the two forms are practically 
identical in character, and the same organism 
may cause either. It is therefore, unnecessary, to 
maintain the distinction. Of the organisms 
found in the ulcerative variety, probably one 
of the most important is Pneumococcus, but 



!<^ig. 234, — Acute Ulcerative 
End oca rditiH of Aortic 


Staphylococcus pyogenes aureus, Strejdococcus 
pyogenes, B, coli, B, typhosus, Gonococcus, Slrep- 


Valvo, wjifh oxtonsivo dc- tococcus rheimuticus , and other organisms mav 
Hiruction and perforation . ^ a r i i ^ 

ofthocuyps. (Edinl)urgh he causal. iSoiiie ot thesc, especially Gonococcus 

Univerfsity Anatomical ^ud Pueumococxus , also give rise to aithritis, 

Museum Cmaloguo No., t ,1 • 1 • 1 i ^ ^ . 

Cir, E. b. 1.) <" 1 ^ tins may be associiited with the endocarditis. 

It has been shewn by experiment that Strepto- 
coccus rheumatims, isolated from a case of simple rheumatic endocarditis 
in the human subject, may give rise to either a simple or to an 


ulcerative endocarditis in different animals of the same species ; and it 
is also an establii^hed fact that an originally simple endocarditis may 
assume, later, the ulcerative or “ malignant ” type. 


Morbid Anatomy and Histology. — ^The valves on the left, side of the 


heart are most commonly attacked in both types of^he disease, but an 
affe^ion of the yaiye>s o| the right side more ^frequently arises in the 
ulcerative than in the simple type. 

The inflammation in the ulcerative variety of the disease is usually 


much more inten.^ and more widely ^p^ead, and the vegetations are 
cdmmonly larger, much softer, and more fri^^ble than in the simple form, 
frequently extend to the endocardium of the adj^ent heart-wall 
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— especially to any part coming in contact with the valves or vegetations 
upon them — and to the aorta, Uleerative and other destructive changes 
are common 'both in the valves and in the .heart*- wall, leadftig to perfor- 
ation of the valves, and, in very severe cases, to perforation of the wall 
of the ventricle at the pars memhrarbacea septi, or of the aorta into the 
pulmonary artery at the origin of the former vessel. ^ Aneurisms of the 
valves may be produced, and these, at a later periods may rupture, causing 
perforation. Such aneurisms are found especially on the mitral and 
aortic segments. In the case of ^the mitral, they usually occur on the 



Fig. 235. — (1) Rupture of a previously diseased aortic cusp. (2) Thickened cUsp still in 
position, (3) Anterior cusp of mitral valve. Note the marked dilatation of the 
left ventricle. (Specimen lent by the late Professor Greenfield.) ^ 

» 

anterior are directed upwards towards the auricle, and may perforate 
into it. On the aortic segments, they are generally directed downwards, 
and perforate towards * the ventricle. When such perforation has 
occurred, a ring of vegetations is usually found projecting from the 
surface around the orifice. Aneurisms are also formed in the wall of 
the aorta, near its origin, or i^ the wall of the heart close to the 
origin of the aorta, and these project towards the pulmonary artery dr 
the right ventricle, into which tfiey may open — ^though rupture into 
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the pericardium is more usual. In some cases, rupture of the valves, 
or of the chordae tendineae, occurs ; and, especially in those which 
are secondary to old endocarditis, the inflammation may spread for a 
considerable distance into the ventricular wall, and give rise to an 
extensive myocarditis, On account of the destructive changes which 
take place in the valves, the softened and friable vegetations, or fragments 
of these, are very easily detached, and may give rise to multiple emboli 
in the vessels of the spleen, kidney, brain, intestine, heart, eta, and, in 
these organs, produce such conditions as septic infarcts, abscesseaP^ 
ulperation, or gangrene. ^ '* 

Sequelae of the inflammatory process.— If slight, the inflammation 
generally subsides and the parts return to their normal condition. More 
usually, however, there is some permanent damage to the val^fes, and 
this is generally increased by recurrent attacks, which, especially in * 
rheumatic endocarditis, are very common. Among the more usual 
resulting changes are : — 

i. Adhesions, which tend to form first at those parts of the valve 
where the segments are nearest to one another. The ihitral valve- 
segments become adherent at the free lateral margins, between the 
adjacent chordae tendinese, and thus give rise to a tunnel-shaped narrowing 
of the mitral orifice. At a later period, ?narked shrinking and fibrosis 
take place in the segments, the chordae tendineae become bunched to- 
gether, thickened, shortened, and, it may be, adherent at places, producing 
a small opening at the lower end of the funnel {see fig. 237). On the \ 
other, hand, the segments may become partially united on their adjacent^ 
surfaces in such a way that a slit-like or crescentic opening is formed^ 
—the so-called button-hole form of mitral stenosis {see fig. 240). One or^: . 
other of. these types of mitral stenosis is a common result of endocarditis, 
whereas incompetence of the valve, unassociated iwith stenosis, is a 
somewhat rare sequel. In the aortic valve; the adjacent cusps ' 
may become adherent to one another, producing stenosis of the 
or 



ening of the valves are common results of an 
acute . endocarditis, fSf; during the inflammatory process, ^ there is 
produced in the valve a form of granulation-tissue, which becoinos 
organised and transformed into fibrous tissue. The thickening and 
contraction, ^tW produced, giyes rise to deformity of the val4e-^ 
segments and consequent incompetence of the valves. This incom- 
^etonce is more particularly liable to occur in the aortic valve. In 
the case of »the auricijjo- ventricular valves, the fibrosis and contraction 
spread usually to the chordm tendme© and to the papillary muscles, 
iii. Oaldfliirildn— After t^^ inflammatory process has subsided, 

yei|^ liable to ^cur, md Jime-rsalts 
^epc^it^ in the d^nferated^v a^ This (mlelfic^on causes 
' and irregularity of the valves ; produces incompetimee 


I'hit 



DISEASES OF THE CIRCULATORY SYSTEM 513 

and stenosis ; and, on account of the damage to the endothelium, leads 
to^the formation of thrombi (vegetations) on the segments. 

SUBACUTE BACTERIAL ENDOCARDITIS. — Several authors have 
described, under this name, a form of endocarditis, which may be said to 
occupy a position midway between the simple and the malignant or 
ulcerative type. The on^et is insidious, the condition frequently .arising in 
patients already suifering from cardiac disease itself— j)re-existing valvular 
lesions, hitherto typically quiescent, becoming the seat of a fresh infection. 
The valves involved are the aortic and the mitral, the former more fre- 
quently thaif the latter. The vegetations^ which are usually extensive, 
vary in appearance and consistence, and tend to 
spread from the primary seat of infection to the 
adjacent endocardial wall and to the neighbouring 
yalvc. In old cases, the vegetations'become firm, 
and often calcareous; but, in the early stages, 
they are extremely friable. In most instances, 
the heart is enlarged. Detachment of vegeta- 
tions, with cbnsequent embolic infarction in various 
organs, e.g. brain, spleen and kidney, is common. 

Libman claims that 95 per cent, of such cases 
are due to a haemplytic strej)locomis, and the 
remaining 5 per cent, to other bacteria, e. g. 

B, influenza, gonococcus, 'pnemmcocci, etc. It is 
generally recognised that, in all inflammatory 
conditions' subacute cases occur, and that, espe- 
cially in the heart, subsequent attacks are very 
liable to take place on valves already damaged by a previous attack. 
From the pathological standpoint, therefore, there seems verj little 
justification for the term “ subacute ” being applied to such cases, 
though, from the clinical side, the term may be useful. It should, 
however, be clearly understood that this disease is not a newly recognised 
one* and that all the fosl-mmtetn appearances have been described under 
acute endocarditis and its sequelse. ' t ’ '7 

CHRONIC ENDOCARDITIS^In this conditMfthe a%ted parts (>J[ 
thft YSJyes are. thickened and opaque ; and sometimes, filong the edges, fira, 
nqdqlar ejevatipns are found. On microscopical examination, the 
^ hrS seen to be the seat of fibrous-tissuj^onnation, in which^degeneiative 
changes occur, and which, Jiy, its . contraction, produces shmjy^ig;, «id 
perhaps of the yalvgs, and inq)airment of their function. In 

the degenerated areas, in the early stages, the sub-endothfilial cells may 
she^ttmecrosis and fatty degeneration, while, at a'^later stage, lime-s^ts 
are deposited, and the valve-segments become much tjuckened, very 
rigid, and even almost entirely calcified. The chordse tendincse. .which 
often share m the process, .becon» shortened and tluQkened. As « 
85 



23(i. — Ohronits Emlu- 
t^^lr(liti^ t^f tho Aortic 
Valve, with nodular 
thickening and calcifi- 
cation, and showing 
adhesions hotwoon tho 
cusps. ( Edinburgh 
University Anatom ical 
Musouni. Catalogue 
No., Cir. F. o. 3.) 
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result of these changes, sten osis of the orifices and incompetence of the 
valves may be produced. 

The aortib c iisps are most fre<raently affected, and the condition is 
specially seen along their, margins of contact — at or near the corpora 
Arantii — and along the attached borders. In the mitral valve, the changes 
are usually not so marked and are often limited to the anterior curtain, 
especially towards its base near the aortic valve, at which part it is 
exposed to the strain, not only of the auriculo- ventricular, buhalso of the 
ventriculo-arterial, blood-stream. , 



Fio. 237. — Chronic Endocarditis of the Mitral Valve, with shortening and adhesion of the 
chordsB tendinesQ, and extreme stenosis of the orifice. There are small recent vege- 
tations on the aortic cusps. (Edinburgh University Anatomical Museum. * Catalogue 
No., Cir. F. f. 2.) 

Chronic endocarditis may be a sequel of acute endocarditis, or it may 
be a primary degenerative condition, produced gradually by the action of. 
some irritant present in the circulating blood. Thus, it occurs in gout, in 
Bright’s disease, in chronic alcoboUsm, chronic lead-poisoning, and syphilis. 
In old age, it occurs as a senile degenerative condition — Chronic^Fibroid 
Degeneration — and is frequently associated with similar degenerative 
conditions in the vessels. 

' tUBERCULOSIS. — ^Tubercles, usually of small size and few in number, 
dCcasionolly occur in the endocardium, especially on the .ventricular 
ilB|»tunS. Rartdy, a more extensive tuberculous endocarditis is found. 
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. VALVULAR DISEASE OF THE* HEART 

• •••• *• 

Having studied endocarditis and its effects upon the various valves 

of the heart, it is convenient at this point to consider the causes of the 
condition, and the effects produced on the heart itself, and also on the 
circulation, by those lesions which give rise to obstrjiction of an orifice, 
to regurgitation through the orifice, or to a combination of both of these 
condition^.* 



Fig. 238. — Great Hypertroj)hy (combined with Dilatation) of Right Ventricle in 
Mitral Stenosis. Note the comparatively small size of the loft ventricle. 

m 

1. THE MITRAL VALVE 

{a) MITRAL STENOSIS . — This is most commonly the result of an 
attack, or scries of attacks, of endocarditis, leading to adhesion of the valve- 
curtains to one another, and to narrowing of the orifice. 

• If the stenosis is extreme, and if there is no regurgitation, the left 
ventricle may become atrophied, owing to the fact that very little blood 
passes into it, and that, in consequence, its work is very much lessened, 
tliis diminution in functional activity leading to atrophy. The blood- 
pressure in the left auricle is raised, and the auricle, having to drive on 
its blood against a greater resistance, becomes dilated and hypertrophied. 
It becomes lengthened in its vertical diameter, and assumes a some- 
what conical shape; and its appendix is enlarged and elongated, and 
may extend round in front of the pulmonary artery, or even be 
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doubled on itself like a horseshoe. Thrombosis ,may occur in the 
appendix or in some other part of the auricle ; and the, endocardium 
of the chamber becomes thickene# and shews an Opaque-white, fibrous 
appearance. Further, the increased resistance in the left auricle lea^s 
to venous congestion in the lungs, and the extra pressure thus pro- 
duced in thte pulmonary 



vessels comes to bear upon 
the right side of* the heart. 
The pulmonary arterlps be- 
come dilated ahd thickened', 
and may shew a consider- 
able degree of atheroma. 
The right ventricle* under- 
goes dilatation a»\d hyper- 
trophy, assuming a some- 
what quadrilateral shape, 
due in part to dilatation and 
thickening of the conus. 
The tricuspid valve, on 
account of the dilatation of 
the ventricle and the in- 
ability of its segments to 
close the orifice, may become 
incompetent. The right 
auricle, as a result, under- 
goes dilatation and hyper- 



Fio. 239.-^Hypertrophy and Dilatation of Loft 
Ventricle in Aortic Disoaso, Below is a trans- 
verse section (near the apex of the ventricles) of a 
similar specimen. 


trophy ; its en docardium 
becomes thickened, as does 
that of the right veivtricle, 
and thrombosis may occur 
in the auricle, especially in 
its appendix, which is also 
dilated and elongated."^ Ob- , 
struction to the ^ystenaic 
venous return into thfe right 
auricle is thus brought 
about, and the conditipn of« 
chronic venous congestion 


occurs in the various organs and tissues. 


HITRAL INCOMPSTBNCE is usually due to old endocarditis 
with a combination of leliactiioii and contraction of the valve-segments, 
though it also is a sequel of dilatation of the left ventricle and the 


jiralv^ring. As a consequence of the condition, the left auricle becomes 


^ There^ pimy be 


hypertrophy, hnt this is not a special 
The ieti ventricle undergoes dUatatton 
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and hypertrophy. The remaining chambers of the heart, as well as 
the lungs an<J other viscera, show changes almost identical with those 
seen in mitral stenosis. • • 

In cases of mitral stenosis or mitral incompetence in wliich a general 
condition of chi*onic venous congestion is produced, the heart 'muscle, 
especially of the right ventricle, feels very tough and indurated — ’ 
a condition which is sometimes mistaken for interstitial myocarditis. 
The firmness is really due to an over-filling and distension of the blood- 
vessels, and a very similar physical condition may be produced e:j^ri- 
mentally by injecting the coronary arteries with water. The conditipn 
is that of chronic venous congestion pf the hearfc-muscle. 

• 2. THE AORTIC VALVE 

(a) AORTIC STENOSIS." -This is generally a setpiel of endocarditis. 
On account of the narrowing of the orifice, the left ventricle requires to 
exert greater force in order to expel its blood. The result is a gradual 
elongation and slowly-produced thickeniijg of the muscular wall of the 
left ventricle. There may be little or jio dilatation^ so long as the hyper- 
trophy is sufficient to “ compensate” for the increased resistance; but, 
if compensation fails, dilatation of the left ventricle also ensues, and, 
eventually, there arise conditions similar to those seen in cases of mitral 
incompetence. 

. (6) AORTIC INCOMPETENCE.— This may be produced by endo- 
carditis (pp. 510 et seq,), by degenerative changes in the valves, or by 
rupture — ^usually the result of a violent strain, a crushing injury to the 
body, or a blow — of valves, especially those which are weakened by 
degenerative changes or by simple endocarditis (see figs. 235, 236, S37). 
It is much commoner than stenosis, though the two conditions may be, 
and frequently arc, associated. As a result of the incompetence, the left 
ventricle becomes hypertrophied, and, if the regurgitation of blood is con- 
siderable, the degree of dilatation may also be very great. The dilatation, 
by stretching of the auriculo-vcntricular ring, leads tp secondary in coni- 
^petence of the mitral valve, with all its resulting effects on the heait and 
other organs, Furtlier, on account of the regurgitation of blood, in 
incompetence of the aoi-tic valves, the coronary arteries do not get properly 
filled, and, as a result, the nutrition of the heart- wall suffers. The 
f muscular substance is not now able to respond to the extra strain thrown 
upon it, and still further dilatation of the various chambers follows. 

3. TRICUSPID VALVE 

(a) TRICUSPID STENOSIS may result from ulcerative endocarditis 
at any time of life, but is most commonly caused by simple, endooarditiiS, 
either during intra-uterine Q?:very early in extra-uterine^ life. According 
to Greenfield — and our own observations confirm his teaching— |t js 
atooat constantly associated with mitral stenosis, and, fiu±bei:;lthe 
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tricuspid orifice is never so much contracted as the mitral. The results 
of this double stenosis are a vertical elongation of both auricles, dilatation 
of their cavities, hypertrophy of their walls, and an elongation of their 
appendices, which may almost meet on the anterior aspect of the heart. 
Usually, the ventricles arc not much afiected, though there is sometimes 
a slight amount of dilatation. The double stenosis, unless extreme, 
produces comparatively little effect on the general and pulmonary circu- 
lations, the stenosis of the tricuspid orifice seeming to protect the lungs 
from the effects of the mitral lesion, and helping to balance the bloqd-flow 
on the two sides. This condition is found in a proportiofl of cases of 
exophthalmic goitre (Greenfield). 

(h) TRICUSPID INCOMPETENCE may be produced by ulcerative 



Fig. 240. — Mitral and Tricuapid Stenosis from a case of Exophthalmic Coitre. 

1. Aorta. 2. Pulmonary artery. 3. Mitral orifice. 4. Tricuspid orifice. 

endocar^Jitis ; but by far the commonest cause is dilatation of the right 
ventricle^ and, consequently, of the valve-ring, to such an extent that the 
valve-segments are unable to close the enlarged orifice — complete closure 
being also prevented by the choydse tendinese, which are now of insuf- 
ficient length. This incompetence may be, as has been pointed out, a 
result of the dilatation following mitral disease, but dilatation from any 
cause, e.g, that following obstruction in the lujigs by local pillmoiiary 
disease, may produce it. 

4. PULMONARY VALVE 

(a) PULMONARY STENOSIS.— This may, during extra-uterine life, * 
be a result of ulcerative endocarditis. Generally, however, the condition 
is produced during Intra-uterine life, and is caused by an attack of 
foetal endocarditis, or may be the result of mal-development. If it 
occurs before the inter- ventricular septum has been completely formed, 
the iurtber growth of the sqptum may be arrested, and a permanent com- 
ifiunication will be established between the two ventricles. If it pccuys 
at a later period, the chief effect is an enormous hypertrophy^of the right 
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ventricle. In such instances, the foramen ovale is frequently found to be 
pa*);ent. In some extreme cases, there is very marked deviation of 
the septum' between the aorta and the pulmonary artery, and the aorta 
opens from both ventricles. 

(6) PULMONARY INCOMPETENCE, from disease or from tearing 
of the cusps by severe crushing injuries to the chest, may occur, but 
is very rare, and does not call for further description*. 

THROMBI IN THE HEART 

These may be divided into tliree main classes : — 

(1) Irregular nodular or papilliform thrombi or vegetations, which 
form on the valves, have been described under Endocarditis. 

(2) Globular thrombi are rounded or oval bodies wliicli arc generally 
soft or even fluid in the centre. They vary in size, and may be so large 
as almost to fill a cavity of the heart. They are found mainly in dilated 
and hypertrophied chambers, where the blood-flow is more or less inter- 
fered with, Of where eddies are formed. Thus, they are found at the apices 
of the ventricles, or entangled in the columnse carnese, and in the auricles 
where there is obstruction to the outflow of blood from nari^owing of the 
valvular orifices. 

(3) Ante-mortem thrombi and post-mortem clotting are fully discussed 
under Thrombosis {see p. 141). 

III. MYOCARDIUM 

ATROPHY. — In old age, the heart may be comparatively healthy 
and vigorous, atrophy not being so common in it as in some other organs 
of the body. When it does occur in old age, the probable explanation 
is that the heart, on account of the degenerative changes iii the vessels 
throughout the body, has to work against greater resistance, and, therefore, 
first undergoes hypertrophy : and that this condition of hypertrophy will 
be maintained until it has reached a certain hmit, after wlrich the lieait- 
muscle becomes exliausted, atrophy then supervening. The period at 
which tins exhaustion takes place varies, and is depeTident,to a considerable 
extent, on the nutritive capacity and blood -supply of the heart-muscle. 
If the coronary arteries are degenerated, and the vascular supply of the 
heai:t is thus impaired, atrophy is liable to occur at an earlier stage. The 
wasting usually affects all the structures of the heart, the surface becomes 
wrinkled, and the arteries tortuous. The muscle assumes a dark-brownish 
colour — Pigmentary Degeneration — and the vrhole heart is atrophied, 
hence the name Brown Atrophy applied to this condition (see p. 72). 

On microscopical examination, the muscle-fibres are lessened in 
diameter, and an excessive amount of yellowish granular pigment may 
be seen in the protoplasm around, and especially towards the poles, t)f 
their nuclei {see Plate III, fig. 4, p*. 74.). 
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The atrophy may be extreme, the heart being reduced, even to 
one-third of its normal weight. This condition is often well exem^- 
fied in the ‘atrophy seen in Waiting diseases, e,g. cancer, diabetes 
mellitus, etc. In chronic pulwonarj^ tuberculosis, the same condition is 
sometimes seen, but, in this disease, hypertrophy and dilatation, 
associated with the vascular obstruction in the lungs, are frequently 
pronounced pathological changes. 

The atrophy may be localised, as a result of loss of functional activity 
in any part of the heart. Thus, in extreme mitral stenosis, the left 



Fig 241. — Fatty Pegoncration of Heart-Muscle, from a case of pernicious 
aiuemia. Stained with usmic acid, x 400. 

ventricle receives a gpjatly reduced volume of blood througn the narrowed 
orifice, and, in consequence, has its work much diminished, ^nd may under- 
go very considerable atrophy. Or again, especially in the right, but 
sometimes also m the left, ventricle, where hypertrophy has lasted some 
time, a supervening atropty of the papillary muscles and the column® 
camece is a very constant feature. 

DfiGENfeRATIONS 

(aj CLOUDY til® heart-muscle is comparatively 

common in aeuto firfee^ve diphtheria, scarlet, fever, 

jiwprics^a, pnettmoHia;|?etO#'i It oceib® liiost markedly in the mwik. 
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fibiel of the left ventricle. To the naked eye, the myocanjium usually 
8h*ews a clou4y pinkish-ied opacity and loss of the reddish-brown, semi- 
transliicent appearance characteristio of the norma] bff&ri-musch. Id 
many cases, however, there are little or uo obvious udk^d'-oyo chuvnc^* 
texistics, but, microscopically, the muscle-fibies are swollen and arc 
closely packed together. The stnation may be more or less obscured, 
the nuclei may shew karyoirhexis, and coaise graitules are sometimes 
seen scattered in the cell. In the connective tissue of the nairowcd inter- 
muscular spaces, there may be ^ few leucocytes. In severe, advanced 



Fig 242. — Fatty Degonoration of Heart-Tilustl© Stained with o*-mK 
' aud. X 200. 

cases, the muscle-fibres are semi-tianslucent and swollen, and may even 
shew transverse fracture oi fragmentation —an appearance very sinular 
,to Z^enker’s degeneration. Cloudy swelling of the Jicait-muscle is very 
frequently combined with some dcgiee of acute fattv change. 

ib) FATTY DEGENERATION of the heart is extiemcly conunon, 
especially in minor degrees, and is found as a result of any debihtating 
disease, and also as a senile change. In a more pronounced degiee, it occurs 
m diseases such as pernicious, and other foims of, ansemta, leukeemia, 
and some acute fevers, where there is a marked deterioration of the blood, 
and where some toxin is circulating in the system. The toxin or oth^ 
poison is probably the principal causal factor. The change is seen in an 
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extreme degree in phosphorus- and ehloroform-polsoning, and is also a 
pronounced feature of ohronic alcoholic poisoning. The presence of tke 
condition is indicated by a varying^ degree of a diffuse yellowish colour 
throughout the muscle-fibres (diffuse fatty degeneration), often more 
marked in certain areas than in others, or by pale or yellowish-white 
irregular patches in thefibreswhich lie immediately under theendocardium, 
especially those of the papillary muscles and the wall of the left ventricle, 
particularly the septum. This patchy distribution or mottling is very 
well seen in the heart in some cases of pernicious anaemia, and hays been 
described as the “ thrush-breast ” appearance. The degenerdted muscle is 



243. — Fatty Infiltration of Myocardium of Right Ventricle. The 
muscular fibres have been almost completely replaced by fat, 

usually flabby and friable and feels greasy to the touch. On micro- 
scopical examination, the fat-globules are seen, very often in rows in the 
muscle-fibres, replacing some of the fibrils {see figs. 241 arid 242). 
Fatty degeneration may predispose to rupture of the heart-muscle. 

(c) ADIPOSITY, or, as it is very generally called, FATTY,INFILTRA- 
TION, of the heart, is an abnormal increase of fat in situations in which it , 
is normally present, and an infiltration of this fat into the connective tissue 
lying between the muscle-bundles. As a result, atrophy of the muscle 
takes place, and at first the superficial, and then the deeper, layers of the 
muscular wall are largely replaced by adipose tissue — ^the condition 
occurring progressively from without inwards. In extreme cases, the 
fat appears in patches immediately beneath the endocardium. It is 
Usually best seen in the right ventricle, especially towards its apex, and 
also iri the anterior wall near the interventricular septum, along the line 
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of the coronary artery in that position. It is also often well marked in 
th?j ventricular wall just below the auriculo-ventricular groove (see fig. 243). 
All stages of the condition may be triiced-- from the hearts in which the 
sub-epicardial fat is increased but shews no infiltration, through those in 
which the line of demarcation between fat and muscle has become lost, 
up to those in which the entire muscular wall is, in certain areas, replaced 
by adipose tissue. This adiposity of the heart may be merely part of a 
general oj^^sity, but, in other cases, it occurs without any increase of 
adipose tissue elsewhere. Thus, it may be seen in old and debilitated 
persons, or in^those suffering from some emaciating disease such as phthisis 
or cancer. In such cases, it is probably a sequel, rather than a cause, of 
the wasting of the muscle, and appears to be a process parallel with what 
occurs in voluntary muscle which has lost its function. One of the 
commonest causes of fatty infiltration of the heart is degeneration, 
thickeming, and narrowing of the coronary arteries {see below). It is 
common in alcoholics, and is then often associated with ath(*roma. 

(d) WAXY, and HYALINE and CALCAREOUS DEGENERATIONS 
are said to oCcur, but are very uncommon. 

VASCULAR DERANGEMENTS 

{a) CHRONIC VENOUS CONJIESTION of the myocardium is a common 
change, and is especially associated with valvular disease and with chronic 
venous congestioji in other organs. The muscle, especially that of the 
riglit ventricle, becomes extremely firm and indurated, and, to the naked 
eye, the wall of the ventricle appears hypertrophied. On microscopical 
examination, however, the induration and increase in thickness are 
found to be due to a distension of the minute veins and capillaries^ and 
not to hypertrophy of the muscle-fibres or to increase in the amount of the 
inter-muscular fibrous tissue. 

(&) STENOSIS AND OCCLUSION OF THE CORONARY ARTERIES. 

Though minute anastomosing channels exist between branches of the 
cordnary art^erics, this anastomosis is so scanty and imperfect that 
these vessels must be regarded as among the end-arteries of Cohnheim. 
They are peculiarly liable to degenerative changes, and are among the 
commonest sites of atheroma. The atheromatous changes may occur 
throughout the course of the art-ery, or they may be confined to the opening 
^from the aorta or to the first half inch of the vessel. The results of these 
degenerative changes are, narrowing, or even complete obstruction, of the 
vessel or of sQyne of its branches, and serious interference with the nutrition 
of the heart-muscle. , The muscle-cells show evidence of fatty degeneration 
and atrophy, and, eventually, the cells are replaced by fibrous tissue. 
These changes are usually patchy in distribution. Fatty infiltration is 
also a common sequel of such arterial disease. Further, thrombosis may 
occur in the degenerated vessels, producing complete obstruetion. Block- 
ing of the coronary arteries may also be caused by portions of clot or 
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thrombi or vegetations which have become detached from their site of 
origin and carried as emboli into the arteries. If these emboli are sepfic, 
abscesses may be formed in the heart-muscle . 

The Effects of Obstructton will varjf somewhat according to the 
suddenness of the onset and the size of the obstructed vessel. Sudden 
obstruction of an important branch, however caused, will, if not im- 
mediately fatal, give rise to infarction in the heart-wall. The vessel 
most usually affected is the descending branch of the left ^coronary 
artery, and, consequently, the common sites of infarction are the 



Fia. 244. — Necrosis of Muscle^fibres of Heart (the pale area), resulting 
from thrombosis in a branch of the coronary artery, x 300. 


anterior wall of the left ventricle near the apex, and that 'part of the 
anterior wall immediately adjoining the ventricular septum. More rarely, • 
it occurs in the posterior wall, and almost never ih the right ventri-, 
cular wail. If death does not occur immediately, the ratlscle, at first 
reddish, soon undergoes necrotic changes, and becomes pale-yelldwish in 
colour Mid soft in consistence. Hue softened condition, called by Ziegler 
MyonuAMUl eoidls, may alaa be hemorrhagic, and the area so affected is 
commonly surrounded by la zone of hyperemia;; and there is usually 
peripheral infiltration . A* s later period, the muscle- 

■fibtes, on mieroswopitfSl ex»nai|^dii, ar^ hoi be homogeneous in appear- 
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aiice, their nuclei having lost the power of taking on nuclear stains; 
and a progressive formation of fibrous tissue, invading the area and 
replacing the muscle-fibres, takes place. This softened area, which has 
lost its contjfactility, may become stretched by the pressure of the blood 
within the heart, and aneurism of the heart-wall may thus be produced. 
The inner layers of muscle immediately under the endocardium may not 
be affected. If, however, they also become necrotic, 'thrombosis is liable 
to occur in the cavity, the thrombus becoming more or less adherent to 



Fig. 245. — Anourism of the Heart. Thrombosis has occurred in the cavity of the aneurism, 
which is situated in the septum near the apex. (Edinburgh University Anatomical 
Museum. Catalogue No., Cir. C. c. 4.) 

the surface of the infarct. If the infarct be small, complete absorption 
of the muscle-fibres, and their replacement by fibrous tissue, may be the 
* ultimate result. If the vascular degeneration leads to prolonged mal-nutri- 
tion of the heart, ^adual atrophy and degeneration of the muscle-fibres, 
and their re^acement by fibrous tissue, take place. The patches of fibrous 
transformation vary in dimensions, according to the size of the artery 
obstructed. If tins so-called Hbroid Degeneration be extensive, an 
irregular bulging or Aneurism of the Heart^Wall may be produced. 

Mieroseoideuny, there may be merely diffuse masses of well-formed 
fibrous tissue, replacing the muscle-fibres ; or, in other parts, the atroplued 
muscle-fibres are surrounded by, and enclosed in, the fibrous tifeue. 
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ANEURISMS OF THE HEART. — As already stated, aneurisms of the 
heart are primarily caused by a degeneration of the muscle-fibres and their 
replacement by fibrous tissue. This newly-formed fibrous tissue stretches 
with the diastole of the heart, but, being non-contractile, it does not return 
to its normal condition during systole; and thus, the contractile force 
of the rest of the muscle, being transmitted by the blood and acting 
upon this weakened area, gradually produces a distinct bulging of the 
heart-wall. • . 

If the area of fibrous transformation is a large one, this aneurismal 
bulging soon becomes pronounced, and gradually increases in size. These 
aneurisms arc more or less globular in shape, and are i)cactically 
always confined- to the left ventricle, especially to its anterior wall at or 
near the apex. More rarely, they may be found in the ventricular ‘septum. 
A much less common cause of aneurism of the heart-wall is the 
extension of an aneurismal dilatation in one of the valves, e.g. the mitral, 
and secondary involvement of the wall of the heart. 

INFLAMMATION : - 

(a) ACUTE NON-SUPPURATIVE MYOCARDITIS generally arises 
by direct spread of the inflammatory process from the pericardium 
or from the endocardium. In the instance^’ in which it follows acute 
pericarditis, the condition may be wide-spread ; whilst in those resulting 
from an endocarditis, the lesion is usually a localised one. Acute 
myocarditis may occur during the course of an acute infective 
disease, e.g. in typhoid fever, in diphtheria, in scarlet fever, in acute 
rheumatism, and other similar infections. These so-called simple foims 
of myocarditis usually occur in irregular areas, and are caused probably 
by the toxins rather than by the bacteria themselves. To the naked eye, 
the affected muscle-fibres are paler than normal, shew a reddish mottled 
appearance, and minute, opaque necrotic patches may be seen; but, in 
many cases, where, on microscojMcal examination, myocarditis is found, 
there are no obvious naked-eye changes. On microscopical examin- 
ation, cloudy swelling and other forms of degeneration are present, and 
the muscle-fibres are separated from one another by dilated and engorged 
capillaries,, and inflammatory exudate which is largely cellular in char- 
acter. The cells may be of the polymorphonuclear, or, morcr commonly, 
of the lymphoid, typf., and there may be also evidence of* proliferation of * 
the connective-tissue cells of the part. Haemorrhages into and between 
the muscle-fibres is sometimes seen, and the muscle-fibres themselves 
often shew necrosis. Complete resolution may take place, but, usually, 
^eas of well-formed fibroius tissue remain as evidence of a former acute 
change. The heart-chambers, especially the left ventricle, in the walls 
of which the myocarditis is present, frequently become dilated. 

• (6) ACUTE SUPPURATIVE MYOCARDITIS is practically always 
associated with a'septio onibplitim ol tHe coronary arteries^ and is part of a' 
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general pysemic condition. It may occur in puerperal sepsis, but it perhaps 
more frequently follows an acute periostitis or osteomyelitis. It may also 
be secondar3^ to ulcerative endocarditis# Abscesses, varying in number and 
in size, some' of them being microscopic in dimensions, are formed in the 
heart-muscle, especially of the left ventricle near its base and anterior 
surface. The abscesses are surrounded by a zone of congestion; and 
haemorrhage may take place into or around them.* On microscopical 
examination, fatty and necrotic changes are seen in the muscle-fibres, 
and collections of various forms qf leucocytes, and, sometimes, the causal 
bacteria, are^ound in and between the fibres. If the abscesses are near 
the surface of the heart, they may rupture into tin', pericardium and give 
rise to suppurative pericarditis; or they may burst inwards through the 
endocarclium. 

(c) CHRONIC MYOCARDITIS— FIBROSE.— In this condition, there 
is an overgrowth of fibrous tissue, not only between the muscle- bundles, 
but also replacing the atrophied and degenerated muscle-fibres themselves. 
This new formation of fibrous tissue interferes with the nutrition and 
causes further atrophy of the muscle, and thus fibrous patches of varying 
size, either localised, or scattered irregularly throughout the myocardium, 
are produced. This condition is mOst commonly found in the anterior 
wall of the left ventricle near the apex, in the septum, in the tips of the 
papillary muscles, and in the cojumufie carnese. The newly fomied tissue 
may be cellular and shew only masses of lymphocyte-like cells and 
proliferated connective-tissue corpuscles ; but, as a rule, it consists of well- 
organised and fully-developed fibrous tissue. This fibrous transformation 
of the myocardium is often described as Fibroid Heart or Fibroid Degenera- 
tion of the Heart, but, under these terms, are included various condifions, 
somewhat similar in character, though due to different cause# . The 
principal of these are : — r i r 

(i) That form of fibrous-tissue overgrowth which is dependent iipoji 
degenerative changes in, or obstruction of, the coronary arteries. Thus, 
after infarction of the heart {see p. 524), there may be replacement of the 
necrotic muscle-fibres by fibrous tissue, which is in reality scar-tissue. 
More commonly, however, the fibrous transformation in the myocardium 
is a purely degenerative process resulting from an impaired blood-supply 
and consequent mal-nutrition, the more highly functioning muscle-fibres 

tdegenerating and being replaced by the less specif^lised fibrous tissue. 
Microscopical examination shews that the fibrous tissue is irregularly scat- 
tered, and para-arterial in its distribution — i.e. it is not immediately round 
the vessels but at some distance from them. The peri-arterial muscle-fibres 
are intact, and little islets of muscle, often shewing more or less marked 
degenerative changes j are thus seen embedded in the fibrous tissue. The 
fibrous tissue adjacent to the muscle is often very cellular, while that 
farthest away has a hyaline appearance, * 

(ii) A purely degenerative change, seen in old age in those cai§es where 
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the vascular degeneration is not a marked feature. In such conditions, 
the papillary muscles and the columnse cameae of the,, left ventricle 
are the principal, and may be the only, parts affected". This is not 
uncommon in wasting diseases — even in children, 

A similar condition is seen in cases where there has been long-standing 
hypertrophy and dilatation of the right ventricle. 

(iii) The interstitial overgrowth which is a sequel of acute myocarditis^ 
and really, therefore, the result of the ordinary process of repair. In this 
somewhat rare variety, the new formation may be regarded as scai^rtissue, 
and is peri-arterial in distribution. 



Fig, 246. — Interstitial Myocarditis. The musolo-fibrea have, in large part, disappeared 
and have been replaced by a moderately cellular connective tissue, x 75. 

AsekofE and Tawara,^ and, later, Coombs® and others, have described a 
form of myocarditis found in rheumatic hearts, which they regard as a 
sequel of acute rheumatism. This form of myocarditis is characterised 
by the presence of small “ submiliary ” nodules and areas of leucocyte-* 
infiltration. The areas are rounded or fusiform, and formed by larg^ 
spindle-shaped cells, lying in the inter-muscular trabeculae of connective 
tissue. The nuclei of the cells are often multiple and do not stain 
intensely, though the oytoplasm of the cells stains deeply and uniformly. 
These large cells lie loosely packed in a fine fibrillary matrix composed 
of fibrin, and, surrounding" them, are found leucocytes chiefly of the 

I ^ Asohofi and Ta,warA, JSrit Med. Jour., 1906, vol. ii. p. 1103. '! 

* CoomlM, Quarterly Jour. <j/" Med., lOOS, vol. ii,,,Noa. 6, p. 26, and Jour. Path. 

undBak^Cum^, mi, vtlAi xv.m}, 4k, 
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mononuclear type. The nodules are very often immediately related to 
artferies, and, according to Coombs, appear to arise usually from the 
peri-arterial connective tissue, or fromjbhe tunica adventitia of the artery 
itself. The nodules are found both in the subepicardial tissues and in 
the central parts of the myocardium, particularly in the wall of the left 
ventricle at the origin of the aorta, at the apex close to the septum, and 
at the attached margins of the mitral valve. They are less abundant in 
the right veptricle and in the inter-ventricular septum, and are compara- 
tively rare, in the auricular walls. These nodules appear to be stages in 
the production of a scattered myocarditis, which, at a later period, is 
demonstrable as irregular fibrous nodules or cicatrices. Whether these 
nodules are specific of acute rheumatism, as Aschoff and Coombs suggest, 
is not definitely established. They state that they are not usually found 
in non-rheumatic hearts and that they have been found in animals 
experimentally inoculated with streptococci from rheumatic cases. 

Leucocyte-infiltration, lymphocytic in character, is certainly found in 
the myocardium in the majority of infective diseases, but the nodules so 
produced are* small and, so far as our experience goes, they do not 
correspond with the submiliary nodules described by Aschoff and Coombs. 
Nodules more like those described by Aschoff have been recorded as 
occurring in cases of diphtheria. 

Peri-arterial fibrosis occurs very rarely as a pure condition and is 
generally associated with a varying amount of the para-arterial type. 

(iv) Syphilitic Myocarditis. — Syphilis is an important cause of interstitial 
myocarditis and of Heart-Block, which is more fully dealt with on p. 534. 
In some cases, there is definite gummatous formation, and, round this, 
a considerable amount of new fibrous tissue has developed. Sometimes, 
similar localised areas of new formation without a gumma are seen.^ ^ome 
authorities regard these as syphilitic in character, but there is no definite 
evidence on this point. Again, syphilitic endarteritis of the coronary 
arteries may cause ^degenerative changes in the myocardium, with over- 
growth of fibrous tissue. 

(v) Tuberculous Myocarditis, giving rise to chronic fibrous overgrowth 
with typical giant-cell formation. This occasionally occurs in the walls 
of the left ventricle, and the septum may also be extensively infiltrated. 

^ HYPERTROPHY AND DILATATION 

Hypertrophy and dilatation of the heart are conditions which are very 
frequently associated with one another. The hypertrophy of the muscular 
substance is, in many cases, compensatory in nature, and occurs because 
of some extra strain thrown on the heart. The same cause may give rise 
to dilatation, and, in some oases, it would seem as if the dilatation were the 
primaiy condition, aiid that the hypertrophy were the consequence. 
Frequently, however, the dilatation is a sequel of muscle-exhaustion itf 
a hypertrophied heart. 
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This intimate connection between the two conditions makes it* con- 
venient to study them together. 

etiology. — Apart from the effects of valvular lesions in producing 
hypertrophy and dilatation of the heart {see pp. 514 et seq,), there are many 
other causes, some of which act on the heart as a whole, whilst others act 
on special chambers, 

(1) On the heart as a whole. — ^Adhesions, not only between the epi- 
and peri-cardiuin, but also between the pericardium and tbf5 pleura or 
chest-wall, cause the heart to work under considerable difficulties, and 
are, therefore, one of the most certain causes of hypertrophy. Some of 
the largest hearts on record (cor bovinum) have resulted from this con- 
dition. The adhesions result from pericarditis, or from that condition plus 
mediastinitis and pleurisy; and, in some cases, the pericarrditis is 
associated with valvular disease. 

Minor degrees of hypertrophy are produced by prolonged over-stimula- 
tion of the heart, and the enlargement of the heart during pregnancy is 
probably to be explained on the ground of temporary extra strain. 
Excessive muscular exercise also leads to hypertrophy, anfl is common 
in athletes and in men doing heavy muscular work. Very frequently, 
this general hypertrophy is associated with dilatation, and the relative 
degiees of liypertTophy and dilatation will depend, to a certain extent, 
on the previous state of nutrition of the heart-muscle. If the muscle is 
degenerated, dilatation, rather than hypertrophy, will be the result of 
oveistrain ; whereas, in healthy muscle, if the strain is gradually apphed, 
hypertrophy is the common result. 

(2) Localised to one or more chambers. — This is very common, and 
may be associated especially with Bright’s disease, ^vith valvular diseases 
of the heart, and with disease of the arteries, lungs, and pleura. In Bright’s 
disease, the left ventricle is specially affected, and the change is probably 
mainly due to the increased arterial tension produced by the products, 
normal or abnormal, of the retained urinary secretion, the heart having 
to drive the blood through the tonically-contracted peripheral arterioles. 
The hypertrophy may occur rapidly, e. g, in from eight to twelve weeks. 
The condition is generally a pure hypertrophy (concentric hypertrophy), 
luiaccompanied by dilatation {see fig. 247). There is, owing to the con- 
tinuity and arrangement of the muscular fibres and to over-working of the 
whole heart, usually some associated hypertrophy — ^very'frequently with^ 
considerable dilatation — of the right side. The hypertrophy and dila- 
tation produced by valvular diseases have already been referred to, and 
need not be discussed further. 

ChroTiic degenerative and other forms of arterial disease, and especially 
the diffuse form of arterio-sclerosis, by narrowing the lumen of the 
arteries, increase the work of the left ventricle, and may cause hyper- 
trophic changes in the myocardium of that chamber. Continued excessive 
exercise or severe muscular .work, which act on the heart as a whole, 
cause special hypertrophy of the left ventricle.- 
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Diseases of the lungs, such as emphysema, interstitial pneumonia of 
ariy variety, or diseases of the pleura, as for example pleural adhesions, 
may give rise* to hypertrophy of the pauscular wall of the right ventricle. 
This hypertrophy is very commonly associated with dilatation. 

Hypertrophy and dilatation of the auricles alone are almost always the 
result of cardiac valvular disease. 

Pathological Anatomy. — In general hypertrophy * of the heart, the 
normal shs^pe is not much altered. There is an enlargement of all the 
chambers, so that the heart may resemble that of a bullock {cor bovi~ 
num). When the left ventricle is mainly affected, the organ is increased 
in length and is more pointed than normal. The apex extends further to 
the left — so that the apical region appears to be specially prolonged. On 
section, ihe walls of the ventricle and the septum are markedly thickened, 
the septum often bulging into the right ventricle. Tins is specially well 
seen in transverse section (figs. 239 and 247), the chamber of the right ven- 
tricle, in such a section, often appearing as a crescentic slit-like opening. 



Fig. 247. — 'J'raiiy verse section through ventnclos near apex, to shew .. 

“ concentric hijpcrlroplnj " of left ventricle in Bright's disease. ^ 

Microscopically, there is an increase, bgth in number and in thickness, of 
tlie individual muscle-fibres. When the right ventricle is hypertrophied, 
the -organ assumes a somewhat quadrilateral shape, its apex is obtuse, 
and the transverse measurement is increased . The right ventricle occupies 
almost the whole of the anterior aspect of the heart. On section, the 
wall is hypertrophied and the cavity is usually dilated. 

GRANULOMATA, NEW GROWTHS AND PARASITES 

Tuberculosis is very rare, but may occur in the form of minute granula- 
tions, though sometimes larger nodules are found. These nodules may 
extend to the pericardium and set up a tuberculous pericarditis. Tuber- 
culous myocarditis has been referred to on p. 529. 

Syphilis. — Gummata, though rare, occur in the heart-muscle {see 
figs. 248 and 249) and may give rise to very extensive nodular infiltration, 
or merely to small granulomatous or fibrous nodules. If they invade the 
conducting fibres or primitive musgle-tissue of the heart, they may give 
rise to the phenomenon of Heart-Block {see p. 534). Reference has 
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already been made to syphilis as a cause of vascular disease aAd of 
inteustitial myocarditis (p. 529). * 

Pdmary Tumows very seldom o,ccur, but sarcomas, flbrdmas, lipomas, 
myxomas, and myomas have been described both in the muscle and on 
the valves. The Congenital Rhabdomyomata which are found in the 



Flo. 248. — Lai^o Syphilitic Gumma in the posterior wall of the heart. 
(Specimen lent by the late Professor Qreen^eld.) 



Fig* 24t9.-^yphiliUe Qummatai causing obstruction of the tricuspid 
orifice. (Specimen lent by the late Professor Greenfield.) 


, myocardium ate described under Tomoors (see p. 299). They are found 
espedally in oertmn cases of congenital idiocy, associated with tuberous 
(tuberose) scleiosis of the brain, adenoma sebaceum, and congenital 
thmours of the kidneys and other hrgans.^ 

^ Fowl«: and Camegie Dicksbn, “ Tul^lous (tuberose) Sclerosis,” Quart. Jour, 
of Med., dotober 1910. 








Fig. 261 . — Congenital Rhabdomyoma of Heart, from right auricular appendix of Fowler 
and Carnegie Dickson’s case of tuberose sclerosis, shewing the large, extremely 
< irregular tumour-cells, with irregular, striated fibrils x 450. 


Secondary Growths of melanjDttc sarcomas, lympho-sarcomas, and 
carcinomas, though comparatively rare, may occur. 

• Hydatid Cysts have been found in the heart-wall. 
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HEART-BLOCK. — ^Anatomical and liistological investigation has shewn 
that, at vaiious areas in the heart, peculiar systems of muscular fibres 
exist. These are regarded as reiliains of the primitive musculature, 
and Keith holds that the greater part of the tissues of the auricles 
and the ventricles are outgrowths from the primitive cardiac tube, and 
that, in the auricle, the later developed muscular tissue has spread 
over the primitive remains, covering or displacing them. Portions of 
this primitive tissue, in isolated masses, are found, at the junction of 
the right auricle with the superior vena cava (the slno-au^cular (S.A.) 
node)^ in the vicinity of the coronary sinus, in the valve of Eustacliius, 
and at the mouths of the pulmonary veins. The muscle-tissuo join- 
ing the auricles and ventricles probably belongs to the same ^system. 

According to Lewis ^ “ The special muscle-system (the sino-auricular 
node) lies at the junction of the free border of the appendix with the superior 
caval termination, and extends downwards along the sulcus tcrminalis for a 
distance of about 2 cms. in man. In thickness it is approximately 2 mm. 
The muscular fibres are small, being but a half or a third of the breadth of 
tliose of the auricular fibres proper. These fibres are striated, fusiform in 
shape, and are embedded in dense connective tissue.” 

Of the auriculo-vcntricular connection Lewis gives the following 
description, which is founded on the work ()f Tawara : — 

“ The fibres of the junctional tissues may be traced from auricle to ven- 
tricle without break. The systeiri commences in the auricle in the neigh- 
bourhood of the coronary sinus and at the base of the auricular septum, where 
a collection of the auricular fibres ultimately joining a specialised structure, 
the auriculo-vcntricular node, is to be found. The node lies at the very edge 
of the auricular tissue at the posterior and right border of the septum. The 
bundle proper commences at the node, running almost horizontally forwards 
and to the left, cnsheatlied and isolated in a fibrous canal, and pursuing a 
course directly to the right of the central fibrous body of the heart to the 
'pars memhranacAUi septi of the ventricle. At the anterior part of this membrane 
the bundle divides, and the point oh division lies a little in front of the anterior 
end of the attachment of the median or septal segment of the tricuspid valve 
to the ring. The left division of the bundle perforates the membrane, still 
lying ensheathed upon the upper border of the muscular 8cj)tum, and enters 
the subendocardial space of the left ventricle at a point immediately beneath 
the union- of the anterior and right posterior cusps of the aortic valve. Its 
further course is downward, and it may be traced under the endocardium 
of the septum of the left side. The right branch takes a sub-endocardial 
position directly after ’the division and, coursing downwards, enters the moder- 
ator band, or its representative, and proceeds directly to the papillary muscles, 
where it commences its arborisation. The arborisation of the left division 
starts upon the septum, and the main branches flow to the papillar/ muscles 
of the mitral valve. The arborisation on the right and left side is directly 
continuous with the extensive and complex subendocardial network of 
Purkinje fibres, which lines the greater part of the interior of both ventricles. 
From this network direct communication with the ventricular muscle fibres 
tikes place. The smaller ramifications and strands of the network are 

1 Lewis, Mechanism of the Hea/rUBeaty London, Shaw & Sons, 1911. 
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frequently carried across the valleys between the muscular trabeculae by 
means of bridges completely enwrapped by endocardium, and these bridges are 
conspiciiouS'at the apex of the left ventricle in almost every heart, be it human 
or otherwise.. It is said that the bundle and its branches are isolated by con- 
nective tissue beneath the endocardium until the papillary muscles are reached, 
and that no union takes place with the ventricular musculature during the 
earlier parts of the distribution ; for no such union has been found up to the 
present time. 

“ The junctional tissues may be divided for purposes of histological descrip- 
tion into iKe following portions : — 

1. The fturiculo-nodal junction. 

2. The auriculo-ventricular node. 

3. Tlie bundle proper. 

4 . The right and left branches of the bundle. 

5. * The arborisations and the network of Purkinje. 

C. The transitional fibres between network and ventricular substance. 

“ The histological structure of these several divisions varies considerably 
from one species of animal to another and the most marked differentiation 
is seen in tlic hearts of the ungulates. Yet there is much which is held in 
coTjinion. The following description applies particularly to the condition 
in the dog and in man in which the resemblance is close. 

“ The auriciilo-nodal junction consists of fibres which are smaller than those 
of the auT'icle itself and which arc arranged mainly in j)aral]el fashion ; the 
transition to nodal tissue is al^upt, and here the tenuity of the individual 
fibre is remarkable. The node"* consists of an intricate interlacement of the 
slender fibres, which cross and join at all angles. The fibres tend to be of 
spindle form and they are held apart by a rh‘h network of connective tissue. 
Nerve fibres and ganglionic cells arc scattered juofuscly amongst them in 
many hearts. 

“ The fibres of the bundle proper have a more parallel arrangement (tlu^y 
are chiefly parallel in man) and are stouter; they continue to increase in 
size as they arc traced from bundle to arborisation and network, where tlicy 
assume the proportions well known and characteristic of the fibres of JLhirkinje. 
They appear swollen, striation is comj)arativoly sparse, the nuclei arc larger 
pale and frequently multiple. According to Tawara, the transition to the 
ventricular musculature is abrupt and consists in a rapid decrease in size with 
a corresponding increase in striation. 

“ Thus in the course from auricle to ventriede there at first a diminution 
in fibre size (which is extreme at the node), and increase in size (which is 
extreme in the network) and a subsequent and final decrease. The level 
at which the transition to the Purkinje type occurs is very variable in the 
different species; but this type is usually well represented in the fibres of 
the main branches. 

“ The network of Purkinje and the two main branches of the bundle may 
be readily followed with the naked eye in the freshly opened ventricles of 
the sheep and calf, and often in the human heart ; a short dissection reveals 
the bundle itself, and it may be traced with case to the tissues of the auricle. 

“From the node in the wall of the right auricle, the bundle passes towards 
the ventricular septum, below the membranous portion of the septum, and 
divides into right and left branches — ^the right branch passing downwards 
in the septal wall of the right ventricle and the left passing through the ven- 
tricular septum to the wall of the left ventricle. 

“ The bundle in man and the sheep is from 1 to 2 mm. in thickness, and 
its fibres are conspicuous on account of their pallor. 
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“ According to the modem view, it is bjr means of this bundle that the 
functional union of auricle and ventricle is effected, and it is through thiis 
structure that the impulses from the auricle, which initiate the ventricular 
contraction, are conveyed. They mwst, therefore, pass from the neighbour- 
hood of the coronary smus to the right and Jeft groups of papillary muscles.’* 

From the experimental side, it has been shewn that complete division 
of the auriculo- ventricular ( A.V.) bundle produces complete heart-block ; 
whereas, partial transection may produce little effect or only partial or 
temporary heart-block. These experiments lead to the conclusion that 
this auriculo-ventricular bundle is the essential organ of contluction, and, 
though certain experimenters have recorded contradictory resultsi, yet the 
weight of evidence is in favour of this conclusion. At the same time, 
partial, or even complete, heart-block may result wdthout an3f actual 
demonstrable destruction of these conducting fibres. It may be produced 
by stimulation of {he vagus nerve, by the injection of digitalis, aconitine, 
adrenalin, muscarine and physostygmine, and it may result from the 
cardiac poisoning of asphyxia. It has been suggested as an explanation, 
that the junctional tissues have a pecuhar susceptibility to thS influence of 
certain cardiac poisons. 

Careful post-mortem examinations have been made in cases of heart- 
block, but from these it is difficult to draw very definite conclusions, 
because the lesions which have been found are usually wide-spread, and, 
though they involve the primitive tissues, yet they are not confined to 
these special areas. At the same time, an analysis of the recorded cases 
shows that, in the great majority, there are definite pathological lesions 
affecting the conducting bundles, and these lesions may be of the nature of 
gummata« fibrosis with or without calcification, chronic inflammatory 
lesions, cUlceration, parenchymatous and tatty degenerations, and the 
changes resulting from acute and other forms of rheumatic inflam- 
mation. In rheumatic affections, and particularly in the case of 
patients with advanced mitral stenosis, impaired conduction is frequently 
manifest. Careful histological examination, in such cases, will gener- 
ally reveal the presence of diffuse fibrosis, lymphocytic infiltration, 
and other chronic inflammatory changes, particularly in the sino- 
auricular node and in the auriculo-ventricular node and bundle. Poison- 
ing with digitalis produces heart-block in experimental animals, and 
Mackenzie has shown, that a certain degree may be produced in man 
this drug, even in medicinal doses, in hearts the conducting bundles of 
which have been impaired by an attack of rheumatism. Possibly the 
digitalis acts indirectly through the vagus nerve. 

In paroxysmal tachycardia* auricular flutter and auricular fibrillation, 
no distinct pathological conditions have been found. Cowan states that 
these clinical phenomena may occur in both sexes and at every age, in 
every form of organic disease and in hearts thjat are appareiltly normal, 
l^en they occur frequeiltly or are permanent, they are probably always 
a sequel to organic disease. 
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DISEASES OF BLOOD-VESSELS 

Anatomy .- 7 -In all parts of the vascular system there is a lining of endothelial 
cells, and a slight amount of connective tissue (fibroblasts and fi&ils), on which 
this endothelium rests. In certain vessels, and particularly in the arteries, there 
is either a definite elastic lamina or scattered elastic elements lying external 
to the connective-tissue layer already noted. External to this elastic layer, 
or intermingled with it, there is a greater or less amount of smooth muscle- 
cells and fibrous tissue. The intima and the adjoining part of the media 
contain no capillaries, and are, therefore, nourished by the blood circulating 
in the vessel. External to this, the vessel-wall is nourished from the vasa 
yasorum, and, in the outer coat (adventitia), which, in the majority of arteries, 
is composed of connective tissue, there is a rich system of perivascular lymph- 
atics. Ip certain vessels, e.g. the external iliac and the renal, as pointed 
out by Andrewes ^ and Gaskell, a thick layer of longitudinal muscle-fibres is 
sometimes found in the adventitia. 

In studying diseases of vessels, it must be remembered that, though 
the whole vascular, and especially the whole arterial, system is subjected to 
constant strain, the effects may be either general or merely local. The results 
themselves ar^d their distribution or localisation depend on various factors. 
The general condition of the surrounding tissues may play a very important 
part. Where the vessels are imperfectly supported, dilatations more readily 
take place; and, if the surrounding tissues undergo retrogressive changes, 
the vessels may share in these degenerations. The nutrition of the wall of 
the vessel is of extreme importancs^^. In the smaller and medium-sized vessels, 
resistance to strain depends mainly on the muscular coat ; but, as the vessels 
increase in size, more and more elastic tissue is developed in their walls, and 
this increases their resiliency and power of resisting dilatation. Therefore, 
anything interfering with the nutrition of the muscular and elastic tissue will 
increase the tendency to degenerative changes. Again, the nutrition of the 
vessel depends — perhaps to a larger extent than does that of any other organ 
or tissue — upon the condition of the blood flowing through it, the inner coat 
being nourished wholly by the blood with which it is in contact. An iyipover- 
ished condition of the blood, or the presence in it of toxic and irritating sub- 
stances, will act with special severity on the vascular system. Experiment 
seems to show that certain toxic substances, when present in the blood, produce 
thickening of the inner coat of the vessel, whilst others act specially by causing 
degenerative changes in the media. If the inner coat becomes much thickened, 
the nutrition of its deeper part is interfered with, and degenerative changes 
are liable to occur there. Further, the toxic substances may act by causing 
spasm or dilatation of the vessels : ox by altering the “ selective capacity 
of, or by bringing about degenerative changes in, the endothelium. Proper 
nerve-control of the vessels is essential to a healthy condition of their walls. 

In studying the pathological conditions of the blood-vessels, careful 
consideration should be given to the following changes : — 

1. Those which arc produced from outside, by gunshot and other 
wounds, not necessarily opening into the vessels, by an alteration of the 
surrounding tissues, by tumour-growth or by inflammatory or prolifera- 
tive conditions, such as are seen in wound-healing. Thus, the vessels 
may be presSilpl upon, and their lumen partially or completely obliterated,; 

^ Andrewes, Report on Arterial Degerleration and iU Premature Occurrence (Re- 
port of the Medipal Officer to the Local Government Board, Appendix B, No, 1. 
1911-1912). 
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or they may share in the proliferative changes, and obliteration max 
brought about in this way. 

2. Those which result from spaSm ox dilatation, or from injury to, and 
degenerative changes in, the wall of the vessel. 

3. Those which are produced from within, by alterations in the con- 
dition of the blood or the presence in it of toxic substances, by emboUsm, 
by increased blood-pressure, etc. 

4. Those which are due to alterations in nerve-control. * • 

(A) DISEASES OF SMALL VENULES AND CAPILLARIES 

The venules and capillaries may undergo hypertrophy and thickening 

as a result of long-standing strain. This condition is well seen in the 
capillaries of the lung, and in those of the glomeruli in the kidney, in cases 
of long-standing venous obstruction. This hypertrophy or thickening is 
shewn, microscopically, by the presence of a more or less well-developed 
layer of fibrous tissue external to the endothelium, and it seems probable 
that this is produced by the hypertrophy of a pre-existing, and, it may be, 
very delicate peri-endothelial (perithelial) layer of fibrous tissue. 

DEGENERATIVE CHANGES such as cloudy swelling and fatty degener- 
ation are very common in the endothelial cells of the venules and capillaries 
in conditions which give rise to these alterations in other organs and 
tissues. Hyaline degeneration in the glomemlar capillaries in the kidney, 
and in the vessels in the spleen and other organs, is common in scarlet 
fever, diphtheria, and certain other diseases. Amyloid or waxy degener- 
ation is very often observed in the supporting connective tissue of the 
capillaries. Pigment, taken up by the endothelial cells, which are actively 
phagooj^tic, is seen in cases of malaria. 

(B) DISEASES OF ARTERIES 

INJURIES. — Apart from the damage which may take place in" any 
artery in an open wound, there may be bruising of the vessel without 
any obvious opening into it, in gunshot wounds, etc. In such cases, 
circumscribed heematomas, or even traumatic aneurisms, may appear some 
time after the injury — the former being due apparently to a Rupture, and 
the latter to a distension, of the bruised and weakened vessel-wall. « 

ATROPHY of arteries may take place in a part of the body which has 
become, or is becoming, functionless, e. ff, in the femoral and other arteries 
after amputation through the thigh, or in arteries supplying j^andular 
structures which are undergoing, or have undergone, involution. 

Hypertrophy or simple increase in the size of the lumen and walls 
of vessels occurs when a collateral circulation develops after obstruction 
a larger artery; and hypertrophy of the muscular coat may occur in 
lipbe affections, e. ff. in Bright’s dise^. 
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•degenerative, inflammatory, ANA proliferative 

CHANGES 

• 

(a) PATTY DEGENERATION. — ^This occurs especially in the intlma 
of the smaller arteries, and in that of the aorta and its larger branches ; 
whereas, in the medium-sized arteries, it is perhaps commoner in the 
muscular coat. The change in the intima is due usually to disturbances 
of the circulation or to the presence of toxic substances in the blood ; 
that in the media is most common]y a sequel of atrophic or senile altera- 
tions ; and both are frequently followed by calcification. The degenerated 
areas appear as raised streaks or irregular patches of a pale-yellowish 



Fio. 262. — Hyaline Degeneration of Small Arteries in Ovary x 120. 


colour in the inner coat, and, microscopically, they are found to he com- 
posed of fatty granules in the endothelial cells, and also in and between 
the connective-tissue corpuscles, or in and between the muscle-fibres in 
the middle coat. 

(6) CALCAREOUS DEGENERATION OR INFILTRATION.— This is 
• commonly secondary to necrotic, fatty, or hyaline . change, but it may 
occur as a primary condition in the middle coat, and, especially as a senile 
change, in some of the medium-sized or smaller arteries. The femoral, 
the brachial, the aorta at its bifurcation, the common iliacs, and some of 
the smaller arteries of the brain are among the commonest sites of this 
change. In the primary form, the granules, in almost all cases, appear 
first in the muscle-cells of the middle coat. They accumulate, forming 
irregular calcareous patches, which necessarily give increased rigidity fo 
the walls of the arteries. This calcareous degeneration of the middle 
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coat is often associated mth atheroma, bat these conditions should not be 
regarded as identical. 

(c) HYALINE and AMYLOID* or WAXY DEGENERATIONS occur 
specially in the walls of the smaller arteries, and are fully described under 
General Retrogressive Processes (see Chapter II., pp. 28 et seq.). 

(d) ACUTE INFLAMMATION OF ARTERIES, ARTERITIS.— Arteries 
may share in the acute inflammatory changes which occur in their neigh- 
bourhood, but a primary acute arteritis is very rare. Subh an acute 
arteritis is almost exclusively confined to the inner coat of the large 
blood-vessels, especially the aort^a near its commencement. The condition 
may result from the extension of acute endocarditis of either the aortic 
or pulmonary valves; and it occurs also as a result of severe ^syphilis, 
especially if associated with excessive alcohoUsm. In any type of acute 
arteritis, thrombosis is a common sequel. If sepsis is present, the thrombi 
undergo softening, and the septic emboli become impacted in the walls 
of smaller arteries, there setting up acute inflammatory and even 
suppurative changes. Ulceration or abscess-formation maybe produced, 
and, on account of weakening of the vessel-walls, multiple acute aneurisms 
may develop. 

Microscopically, the walls are seen to be infiltrated with leucocytes, 
the connective-tissue cells between the lamiioie of the inner coat swollen 
and prohferating, and the muscle-fibres separated by inflammatory 
exudate and, it may be, undergoing necrotic changes. In the syphilitic 
cases, enormous numbers of spirocheetcs may be found. In the suppurative 
forms, definite abscesses arc sometimes present. 

(e) THROMBOSIS and ORGANISATION OF THROMBI IN ARTERIES 
are dealt with on pp. 137—143 and 219-220. 

(/) ARTERIO-SCLEROSIS . — ^This term is now very commonly used by 
clinicians, and by some pathologists, as applicable to all forms of sclerosis 
or hardening ’’ of the arteries. We propose to include under the term 
those conditions in which the proliferative and degenerative change^ are 
confined to, or are most marked in, the inner coat. Thus, wo include both 
that form of proliferation and degeneration of the inner coat which is, by 
common consent, called atheroma ; and also that tliickening of the intima 
of arteries which is found in connection with atrophic cirrhosis of the 
kidney. In tliis latter condition, the proliferative changes are the more 
pronounced, causing, it may be, great naiTowing of the lumen of the artery ; • 
whilst the degenerative changes may be very slight. On this limitation, 
much of the recorded experimental work on the production of arterio- 
sclerosis, or, as we prefer to call it, atheroma, must be excluded, for, as the 
work of Klotz,^ Bickett,^ and others shews, the nearest parallel in human 

1 Klotz, The Experimeutal Production of Arterio-Sclerosis,’* Brit Med. Jmr.^ 
|>ec6mber 22, 1906. " 

^ ® Riokett, “ Expedmental Atheroma,” Jmr^ qf Path, cmd October 

^{In these papers full references are given.) . 
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pathology to the experimental lesions which have been produced by these 
observers in animals is calcification of the media. In some of the experi- 
ments by Klotz, in which the arterial Jesions were produced by inocula- 
tion with B, typhosus and Streptococcus pyogenes^ he records the presence 
of areas of thickening of the intima, with fatty degeneration of the sub- 
endothelial tissue : and splitting and fragmentation of the internal elastic 
lamina: together with proliferative conncctivc-tissue changes invading 
the degen^ating areas. He places these latter lesions ‘4n very close 
relationship with arterio-sclerosis in man, as it is described by Jores,” 
and states that: “ if we are to accept Jores’ definition of arterio-sclerosis, 
namely, that it is a disease consisting of a hyperplasia with degeneration 
of the musculo-elastic layer of the intima, as seen in the human aorta,'’ 
the lesions most commonly produced by his experiments ‘‘ would not fall 
in this category.” 

Cowan 1 describes Arterio-sclerosis as a diffuse affection, in which the 
intima is more or less thickened : the elastic fibrils hypertrophied at first, 
and later granular, and the connective tissue hyaline : the media at first 
hypertrophied*, and, later, atrophied, and perhaps fatty, eventually being 
largely replaced by connective tissue : the adventitia invariably thickened 
and, in old -standing cases, hyaline. He states that the gross' fatty and 
calcareous changes which occur in atheroma are rarely seen, and that the 
adventitial thickening is the only constant change in these cases. The 
medial hypertrophy he regards as an early and essential phase, but he 
believes that fibroid changes' supervene at a comparatively early x)oriod . 

We regard the terms Arterio-sclerosis, Atheroma, and Endarteritis 
deformans as practically synonymous ; and, on this basis, the following 
description of the condition is founded. 

Arterio-sclerosis, Atheroma (or Athero-sclerosis, as it is ternjed" by 
recent German writers). — The essential lesion, in tliis condition, iii^a 
thickening of the intima, with varying degrees of degenerative changes 
in its deeper part, i. e. the part most distant from the lumen of the 
vessel. The tj^cke^jpg is, commonly,, lijijijto^ .area, producing irregular 
patches or flattened nodules; but it may be more diffuse and wide- 
spread, giving rise to general thickening and rigidity of the vessels. 
In the former variety, nodular atheroma, which is commonest in the 
aorta and large vessels, and, in the syphilitic variety, often confined 
fo the arch, distinct elevated patches, with — ^to the naked eye, at all 
events — ^weU-defined edges, arc seen {see fig. 254). At first, these 
areas are translucent or pearly in appearance, but soon assume a 
dull white or yellowish colour, on account of the fatty degeneration 
which occurs in the deeper part of the patches. As they become 
older, they tend to increase in size, adjacent patches coalesce, the 
fatty degeneration becomes more marked, and lime-salts are deposited 
in the degenerated areas. Thus are produced large, irregular, raised, 
^ Cowan, Diseases of the Hearty Arnold, 1914. 
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calcareous nodules in the inner wall of the vessel {see fig. 264). Xhe 
continuity of the endothelium covering the patches is at first preserved ; 
but, at a later stage, this also undergoes degenerative changes and may 
become lost, and, as a result, thrombosis is very liable to occur on the 
roughened patches. The calcified plates crack across, and thus the 
blood in the vessel may burrow its way between the inner and middle coat, 
or between layers of the middle coat, and produce the condition of dis- 
secting aneurism. The degenerated focus may soften completely, and 
form a cavity containing fatty d6bris and crystals of the fatty acids. 
The tissue superficial to the cavity may eventually give *way and thus 
form an atheromatous ulcer^ in the walls of which calcification oQcurs. 



Fia. 263. — Radial artery, shewing an early patch of thickening of the intima (on the 
right). The elastic lamina is stained dark. X 28. ' 

, Cl 

On microscopical examination {see Chapter II., Plate I., fig. 4), 
the change is seen to Consist of a laminated thickening of the inner 
coat, due to proliferation of the subendothelial connective tissue, and 
perhaps alfl®, as some writers believe, of the endothelium. In the 
' early stag^, many rotmd, oval, or irregular cells are found between the 
l^onnective-tissue strands. The thickening may be very considerably 
S'ln amount. In its normal condition, the intima is nourished by the blood 
itt the lumen of the vessel.' When the iifiier codt becomes thickened 
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beyond a certain degree, its deeper part cannot receive sufficient nouriab- 
medt from the blood circulating in the lumen, and, unless it can obtain 
its blood-supply from some other sourge, it degenerates. This degenera- 
i tion is, at first, of the nature of a fatty transformation, or is partly necrotic 
in character, and, at a later period, calcification takes place. The elastic 
tissue in the larger arteries may become fragmented, but there seems to be 



Fig. 254 . — Atheroma of Aorta. Jn one specimen the change is scon specially round the 
orifices of the arterial branches ; in the other it is more advanced and widely spread. 


some evidence that an actual proliferation of it takes place. In the 
smaller arteries, the internal elastic lamina becomes straightened out 
and fragmented, and, at places, it may entirely disappear. The muscular 
part of the middle coat may remain unaltered, but degeneration and 
atrophy of the muscle-fibres, with an over-growth of fibrous tissue, espe- 
cially opposite the site of greatest thickening in the inner coat, axe of fre- 
quent occurrence ; and it is said that this secondary thickening is a marked 
\ feature of the syphifitic type of the disease, if the process is not very 
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. There may be a deposit of lime-salts in ihe degenerated parts of 

the muscular coat; or, in some cases, myxomatous degeneration 
occurs; and the possibility of a new formation, not only of strands of 
elastic tissue/ but of a definite elastic lamina, must be recogiised. The 
outer coat may be unaltered, or a certain amount of fibrous hyperplasia 
be present in it. In the syphilitic cases^ there is an infiltration of lynipho- 
cyte-like cells round the vasa vasorum both in the mediaand the adventitia. 



Fio, 267.— Atheroma in a cerebral artery, showing the thickening and degeneration of 
the intima, the fragmentation of the internal elastic lamina, and the degenerative 
changes in a portion of the media, x 


dilated, and, on section, in spite of the thickening of the inner coat, 
lemain abnormally patent, though, in some cases, this thickening 
may be so great as to cause complete obliteration of the lumen. The 
vessels may be tortuous — this tortuosity ^b^ing due to their loss of 
elasticity and consequent elongation. > 

On mlmxMSCOidpal examination^ the thickening of the inner coat is 
usually more or lesa.uniforrn, and is made up of regular concentric layers 
of fibrqus tissue. Fatty and other degenerative changes may be found 
but they are not so common as in the nodular form. 

^The middle ooat is said by some authorities to be hypertrophied. 
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We, however, are not prepared to accept this statement as applicable in 
all cases. Hypertrophy of the middle coat occurs in a certain proportion ; 
but in others there is definite atrophy of the muscle-fibres ; whilst in some, 
where there is apparent thickening, this is due, not to hypertrophy, but 
to overgrowth of fibrous tissue consequent upon atrophy of -the muscular 
substance — a phenomenon which can be well demonstrated by such 
differential stains as van Gieson’s picro-luchsin . The internal elastic 
lamina may lose its wavy character, and is frequently *sWollen and 
fragmented. The outer coat sometimes shews fibrous overgrowth. 

Sites of Occurrence. — The nodular form is seen especially in the aorta 
and large vessels. In the aoit-a, the condition is most marked in, aiid 



Fig. 258. — Arteries in the Kidney from a case of chronic Bright’s disease, shewing 
the regular lamins^tecl thickening of the inner coat, x 50. 


may be confined to, the arch, in which the thickening and the degenerative 
changes arc developed especially immediately above the valve-cusps and 
round the origins of the coronary arteries and the great vessels of the 
neck : though, in the syphilitic type of the disease, there may be no special 
relationship to the emergent vessels. When it occurs in the. thoracic 
or abdominal aorta, the same advanced change is frequently seen round 
the origins of the intercostal, lumbar, and other arteries, and also espe- 
cially at the bifurcation of the abdominal aorta into the common iliacs. 
Th^ coronary arteries of the heart and the arteries of the brain may shew 
degenerative condition in a more or less pronounced degree; and 
pulmonary arteries may also be affected, especially in mitral stenosis, in 
iiii^ch condition even the smallest visible branches of the, vessel may shew 
>the change. In the diffuse or sclerous form, the medium-sised and smaller 
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vesi^ls, such as those of the kidneys, brain, or ovaries, are most commonly 
affected, and the change is best seen in the arteries of the kidney in cases 
of chronic Bright’s disease. The thid^ning of the inner coat may be so 
marked as to 'cause complete, or almost complete, obliteration of the 
lumen of the* vessel, 

etiology. — It is extremely difficult to assign any definite causation 
for most individual cases of atheroma. It is so constant in old age, 
that a certain degree of it may be considered almost a physiological 


• ^ 



Fig. 269. — Ovary ; arteries shewing marked thickening of inner coat, x 90 diam. 

process; but, in younger people, it is known to occur as a sequel of 
syphilis, gout, alcoholism, and chronic toxaemias of any Idnd. Patches 
of early atheroma are frequently found immediately above the valve in 
the aorta of young children and even of infants. In certain cases of 
chronic nephritis, the arterial changes seem to be due to the non-elimination 
of effete and toxic products by the damaged kidney, but there is little 
doubt that, in many cases, the kidney-condition is a sequel of the vascular 
change. The experiments by Klotz, already referred to, appear to shew 
that atheroma may be produced by the direct action of bacteria or thfeir 
products on the vessel-wall. The sites at which it occurs point specially 
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to friction or strain as being an important causal factor. Thus, iij the 
aorta, the condition is always most marked in that part of the arch 
is most exposed to the impact of the blood during the systole of'tnfe 
heart, and at the orifices of branches, where the fxictio^ and strain are 
also great. Again, in cases of congenital narB^ing of the aorta,, there 
may be very marked atheroma on the pToximal^sida.of the stri^re, 
whilst the vessel-wall on the distal side may be quit^tina£fecl;ed with 
the disease. In the pulmonary artery, the condition is m<fet marked in 
cases where there is increased pressure in the vessels, as, for examplci, ifi 
cases of chronic venous congestion arising from obstruction at tfic mitral 
orifice, combined with hypertrophy of the walls of the right ventricle. 

McNee and Wilson ^ have shewn that, by feeding rabbits on cholesterpl 
for from three to six months, there is produced, at first, a distinct );hickening 
of the intima in the aorta : that this thickening is formed in irregular 
patches ; and that, later, a fatty deposit is found in the deeper layers of 
the thickened inner coat. In some of theij: experimental animals, they 
found also degeneration and calcification in the media. ^ These" experi- 
ments, which are confirmatory of those carried out by Anitschkow and 
Chalatow,^ have produced changes which approach very closely to those 
found in human arterio.-sclerosis. Other observers have produced similar 
changes by feeding rabbits on purely animal food, e.g. ox- flesh, eggs, and 
milk. The liver, in these cases, becomes laden with droplets of fat which, 
on examination, are found to consist of doubly refracting cholesterol-ester 
fat. Further interest is given to those experiments when we consider 
that cholesterol is a normal constituent of every cell in the body^ J.nd 
that it is present in considerable amount (1*5 to 1*8 grammes per litre) 
in the blood-serum, chiefly as cholesterol-ester. This cKolesterol-ester is 
found in the arteries in arterio-sclerosis, and in the kidney in chr^ic 
Bright’s disease ; and in these and various other pathological condition$J,it 
is markedly increased in amount in the blood -serum. The following is !an 
analysis by Windaus ^ of normal and arterio-sclcrotic aortsB : — 

l. Normal Aortss 

Free Cholesterol, Cholesterol-ester, 

A. M9 0*47 

B. 1*03 0*32 

' 2. Arterio-sclerotic Aort;e 
Free Cholesterol. Cholesierol-esler, ^ 

' A. 4*49 3*76 

B. 7-41 10-63 

C. 6*73 ^ 7-92 

The figures indicate grammes per 1000. 


^ MoNee and Wilson, Communication to Pathological Society of Great Britain and 
Ireland^ June 1914. 

* Anitschkow and Chslatow# CentraibLf, allg, Pathol, u. Path. Jena, 1913. 
xxiv.'l; also Ziegler’s Beiir. t^,paih. Anat. il- allg. Pathol.^ Jena, 1913, vi. 379. 

« Windaus, ZeiUchr.f. phySiol. Chm.f Strasburg, 1910, Ixvii. 174. 
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In various forms of Bright^s disease, the increase is from 2*6 to 4*2 
grammes per litre of the blood-serum. ** 

Further inf eresting facts on this ijubject are given in a paper by 
McNee.^ The .changes have been found in rabbits, but not in carni- 
vora, and in the aorta, but not in the smaller vessels, and, therefore, 
definite conclusions cannot, as yet, be drawn from these experiments, 
though the work is extremely suggestive. 

Pathog^CSis. — ^The manner in which the various causes operate 
in producing arterial degeneration is still an unsolved problem. Ac- 
cording to Thftma and others, the "'changes are due to the adaptation 
of the vessel to the diminished velocity of the blood-stream produced 
by the inability of the middle coat to contract, the amount of blood 
flowing through the vessel being mainly regulated by the calibre of the 
artery. They hold that there is a primary degenerative change in the 
muscular coat, which leads to a loss of its power of contraction. The vessel 
thus becomes dilated at these degenerated areas, and, in order to make 
up for this dilatation and slowing of the blood-stream, a compensatory 
thickening of "the inner coat takes place. If the fate of the flow 
were reduced to one-half, the sectional area of the vessel, they believe, 
would be diminished to one-half, and- the channel would be about half 
the normal. If this diminution cannot be brought about by muscular 
contraction, it will, they maintain^ occur by a gradual fibrous thickening 
of the inner coat. This theory necessarily postulates some primary 
damage to the middle coat. Though this primary muscle-degeneration 
may sometimes occur, atheroma may be present in an artery the media 
of which is apparently quite healthy; and, moreover, in many cases, the 
change in the media is the effect, and not the cause, of the alteration in 
the intima. . 

The experimental work of Klotz, to which reference has already been 
made, shews that the thickening of the intima may be produced without 
any obvious change in the media, and, apparently, by the direct action of 
bacteria or their products on the intima itself ; and, further, Klotz, 
Rickett, and others, have shewn that extensive degenerative changes in 
the muscular coat are not necessarily followed by proliferative changes 
in the intima. 

/The more commonly accepted view is that the thickening of the 
Ultima is the direct result of exo^sive prji^aujae or.strV^^ or oithe action, 
of tp^ns upon the walls of the vessels, or of a combination of these ; and 
that it is more liable to occur in vessels the elasticity of whose muscular 
coat is impaired by malnutrition or other cause. Increase of pressure in 
the vessels may bring about a loss of elasticity, and this probably explains 
why, in cases of muscular overwork, or in persons in whom the heart 
is, hypertrophied, atheroma commonly oqcurs. 

Effects ol Atheroma.— The vessels may be considerably narrowed, 

1 MoNee, Qmrt. Jour, Med.^ April 1914 (vol, 7, No, 27), 
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and, if this happens in the smaller arteries, such as those conveying blood 
to the heart, the brain, the kidney, and the extremities, there may be 
marked nutritional changes in the areas supplied. Thus, in the heart, 
there may be some atrophy of the muscle-fibres and replacement of these 
by fibrous or fatty tissue ; or, if the vessel becomes thrombosed — a likely 
result of the degeneration and narrowingJ^infarction and necrosis may 
occur. In the brain, softening is a frequent result of such narrowing of 
the arteries; and, in the kidneys, degenerative changes and overgrowth 
of fibrous tissue commonly occur. 

The narrowing of the peripheral vessels constitutes an'impediment to 



200. — Thickoiied Artery from the stomach- wall in a case of chronic gastric 
ulcer. X 75. 


the blood-flow, and hence to the action of the heart; and this leads to 
hypertrophy of its mu.scular walls, especially those of the left ventricle. 

The rigidity and the loss of contractility and elasticity of the walls, 
produced by the atheroma, are very important factors in the causation 
of aneurism. ' 

(a) ElilDARTERITIS PROLIFERANS OR OBLITERANS.— This is a 
chrome process in which the main feature is a concentric thickening of 
the intima, without the occurrence of degenerative and necrotic changes 
in the proliferated tissue. The tliickening may be so great fhat, in some 
instances, the lumen of the vessel is almost, or even completely, obliter- 
ated. The newly-formed tissue in the intima is vascular, and is really 
of |(he nature of granulation-tissue. This condition is well illustrated in 
Ijhe proliferative and obliterative changes which take place in the vessels 


DISEASES OF THE CIRCULATORY SYSTEM 


551 


during the healing of a wound, and in chronic irritative or inflammatory 
disuses such, as tuberculosis, leprosy, and syphilis (see figs. 260 and 261). 
It is also seen in cases of chronic Bright’s disease and of silicosis. A 
somewhat similar appearance of the intirna is produced during the 
organisation of thrombi. 

(h) SYPHILITIC DISEASE. — Syphilis may affect the arteries in vari- 
ous ways. It is undoubtedly one of the causes of atheroma, especially 
in the aorta^. In the smaller vessels, however, the condition produced 
is usually one of endarteritis proiiferans, with or without proliferative 
changes in th« outer coat. The essential lesion, in all cases, is the form- 
ation of young granulation-tissue, which, at a later period, undergoes 
transformation into well-formed fibrous tissue. According to most 
observers, the affections of the aorta caused by acquired syphilis are 
found especially in the ascending part of the arch; and, in early and 
more acute affections, the patches or plaques have a thickj raised, almost 
“ fleshy ” appearance, and are scmi-transluce]it, pale, white, or slightly* 
pinkish in colour. Later, when viewed from the intinuil surface, they 
show a peculiar stellate scarring, ‘'wltli deep furrows and extejisive endo- 
thelial proliferatidii.' Calcification is not common. Microscopically,! 
there is an abunefant infiltration of lymphocyte-like cells (pksma-C/ells, ' 
etc.) following the distribution of the vasa vasorum, destroying locally 
the elastic and muscular elements of the media, and causing extensive* 
gaps in this coat. These gaps are ultimately filled by fibrous tissue, 
and a thickeiiing of the intirna takes place over them. 

The S'pirochccfa pallida is found, often iii considerable numbers, in 
those areas in the media. The vasa vasorum may show endarteritis 
proliferans. Aneurismal dilatation is common and is explained by the 
marked degree of mesarteritis. 

Syphilitic endarteritis is, according to Greenfield, most- typically 
illustrated in the proliferative or obliterative form of the disease seen 
especially in the arteries of the brain. The change is usually wide-spread; 
but Sometimes it may select one or, more frequently, a group or system 
of vessels in certain organs or tissues. 

The inner coat becomes thickened by the formation of more or less 
regular, concentric laminae of fibrous tissue, wliich may greatly narrow, 
or even obliterate, the lumen. Between the connective-tissue laminaj, 
^elongated cells are found — ^the relative proportion between these two sets 
of structural elements varying with the rapidity or the chronicity of the 
change. If rapidly growing and in the early stage, the newly formed tissue is 
more cellular ; if slowly developed and of some standing, more fully formed 
fibrous tissue is seen. In the process of formation of this new tissue, 
young, thin-walled capillaries are developed. These grow from the vasa 
vasorum, penetrate the internal elastic lamina, and vascularise, and so help 
to maintain the nutrition of, the newly forming tissue. It is on account 
of this vascularisation that .degenerative changes, such as occur in the 
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nodular form of atheroma, are absent in this variety of endarteritis. 
The newly-formed tissue of the intima consists of actively developing 
granulation-tissue. According to piany authors, the intimal proliferation 
is a process secondary to the medial change, but this, in our opinion, is 
not borne out by facts. We regard the intimal change as the result of 
a chronic inflammation caused by the poison of syphilis acting directly 
on the inner coat of the vessel, the Spirochceta pallida being found in 
this coat, though it is also present, as already stated,’ in the degenerated 



Fig. 261. — ^Syphilitic Artery, showing proliferative changes in the inner coat 
^ (endarteritis proliferans), and also peri-artcritis. x30.. 


areas of the media. The middle coat may show some cellular infiltration, 
and also fibrous chanp;e when the condition is at all advanced. The 
internal elastic lamina is usually unafiected, but there may be an actual 
new formation of elastic tissue (see fig. 256). The outer coat generally 
shews active proliferative changes, with great accumulations of amnll 
lyjmphpcyte-Uk^ cells, and the formation of granulation-tissue. This 
-sypMUtip.peii-arteritls is seen especially around the small aiteriolea and 
ya^, vasorum. The cellular infiltration may extend into the outer 
of the media, "where the Sfirochceia paUid/i is also found. 

" Meets. — SyphUitiO jidisease — especially 'vfrhen it attacks some of the 
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larger vessels, e. g. the basilar and other cerebral arteries, carotids, aorta, 
coelfac axis, etc. — causes %J83l.pL^li<ptiQity, and, as a result, d^at^tiou 
takes place. This dilatation may be .very irregular, and may lead to 
the foi:matioB, wOf ^m^uxwams; but aneurismal dilatation of the larger 
vessels may also be produced by sypliilitic endarteritis causing oblitera- 
tion of the vasa vasorum, the consequent loss of nutrition leading to 
degeneration and weakening of the wall of the large ^vessel. 

The narrowing of the vessels may give rise to nutritional changes and 
overgrowth of fibrous tissue in the various structures to which they are 
distributed ; of it may cause .throiffbosis in the vessel itself, just as do 
the changes in atheroma. 

Note. — Russell,^ who has done valuable work in connection with the diseases 
of arteries, has emphasised the confusion which exists, especially in English 
textbooks of medicine, since the introduction of the term artcrio-sclerosis. 
He classifies “ the pathological changes in arteries which are of practical 
inii)ortancc to the clinician ” thus : 

1. Atheroma and Endarteritis Deformans. 

2. •Obliterative Endarteritis and Acute Aortitis. 

3. Calcareous infiltration of the tunica media. 

4. A rterio- sclerosis. 

He places, under atheroma, only tlrnt variety which we have described 
as “ nodular atheroma,” including^ the “ sclerous form ” with obliterative 
endarteritis. We have no great objection to this, though wc prefer the 
grouping which we have given, and which was for so long taught by 
Greenfield, for, in the sclerous form of atheroma, as has been pointed out, 
obliterative changes are not by any means constant. The vessels are frequently 
dilated. Again, in the true obliterative, or, preferably, proliferative, form of 
endarteritis, such as is seen in the healing of wounds, the newly -formed tissue 
is vascular and really inflammatory in nature ; and we therefore think it well to 
confine the term to conditions which shew these characteristics. 

The term artcrio-sclerosis Russell confines to those cases in which there 
i3'“ a marked thickening of the tunica media due to a hypertrophy of its 
muscle-fibres ; a thickening of the tunica intima due to a hyperplasia of its 
subcndothelial connective tissue, without atheromatous degeneration ; and, 
in some instances, fibrous hyperplasia and thickening of the tunica adventitia.” 

(i) TUBERCULOUS DISEASE of the arteries needs only to be men- 
tioned. The arteries may become involved in the locaD spread of a 
tuberculous focus precisely in the same way as other tissues — ^the-tubercles 
being mainly found in the adventitia, and, in cases of tuberculous menin- 
gitis, these changes are specially well seen in the pial and perforating 
vessels. The weakening of the wall produced by the caseation may lead 
to aneurismal dilatation. More rarely, a tuberculous affection of the 
intima, simulating that seen in syphilis, occurs. In the development of 
tuberculous lesions, obliteration of the vessels takes place in the nodules, 
though there may be increased vascularity around them. 

1 Russell, Arterial Hyperiom^, Sderosia and Blood-Presmre, William Green & 
Sons, Edin. and Lend,, 1^7. 
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(j) PERIARTERITIS NODOSA.^^ — This is a rare condition — a *true i)eri- 
arteritis — ^nodular in its distribution. It is probably a manifestation of 
syphilis and may affect especially the arteries of the brain. 

(k) POLYARTERITIS ACUTA NODOSA is a disease of great rarity, the 
first case in this country having been described by one of us.^ It occurs mostly 
in males, and is characterised by the formation of small localised nodules upon 
the smaller and medium-sized arteries. These nodules show local inflammatory 
changes, necrosis of the vessel-wall (especially of the media), usually with the 



Fja. 202 . — Acute Nodose Polyarteritis* Longitudinal section ot a sniaJl artery from 
mesentery, shewing break in internal elastic lamina and muscular coat, and formation 
of minute aneurism. Organising thrombus in lumen. Carnegie Dickson's case. 
(Unna's modified orcein method for elastic tissue.) x 100. 

formation of a small aneurism, and thrombosis of the contents of the lumen 
and of its aneurismal dilatation. There is, in addition, rupture of the internal 
elastic lamina and often considerable thickening of the intima. The arteries 
mostly, attacked are those of the heart and kidneys, and sometimes tjiosc of 
the mesentery, liver, stomach, intestines, muscle, etc. — very rarely those of 
brain or lungs. In these organs and tissues, secondary changes such as 
infarction, necrosis, haemorrhage, etc., may occur from blocking of the arteries. 
In a case described by Beattie and Pouglas,^ death resulted from rupture of an 

1 Carnegie Dickson, “ Polyaiteritis Acuta Nodosa and Periarteritis Nodosa,” 
JmT. Path* emd Cambridge and London, 1907, vol. xii. p. 31. 

» Beattie and Douglas, “A Case of Polyarteritis Acuta Nodosa,” Jour* Path. 
Ottd Pact., Cambridge, 1912, vol xvii. No. % p. 195. 
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aneurism in the kidney, and there was a deposit of fibrin in, and a leucocytic 
infiltration of, the adventitia of the affected arteries. The cause of the 
condition is unknown, though the general histological appearances, in the case 
described by Beattie and Douglas, suggested a bacterial infection, and the 
clinical history supported this view. No organisms could be demonstrated 
in the actual vascular lesions, but a pure growth of streptococci was obtained 
from the blood round the ruptured aneurism. 

(/) RHEUMATIC FEVER AND ARTERIAL LESIONS.— Thickening of 
the peripheral arteries has been described as secondary to acute articular 
rheumatism; and some authors regard rheumatism as an important factor 
in the production of many of the thickenings seen in later life. Proliferative 
endarteritis aild diffuse mesarteritis iiave both been described and, as a result 
of the mesarteritia, the formation of aneurisms has been explained. Some 
of the cases of polyarteritis acuta nodosa have been associated with attacks of 
acute rheumatic fever. The evidence seems sufficiently strong to establish 
the position that acute rheumatism is a factor in the production both of arterio- 
sek'Tosis and of aneurism. Klotz ^ has described the production of an acute sac- 
cular aneurism in a boy of six years, during an attack of acute rheumatism with 
severe valvular disease, and, in this case, there was a well marked mesarteritis. 
A streptococcus was grown from the blood and from the spleen. Somewhat 
similar changes, with necrosis, fibrin -formation and accumulation of leuco- 
cytes, have been described as occurring in pneumonia, in ulcerative endo- 
carditis, and in scarlet fever. 


ANEURISM 

An aneurism may be defiTied as a more or less circumscrib(id dilatation 
of a vessel pr of the heart-wall. The term, however, is also somewhat 
loosely used for localised collections of blood, either between or in the 
layers of the vessel-wall, or even for collections which are surrounded by 
a nmre or less well-defined envelope, though they be altogether external 
to an artery. We propose, here, to confine the term aneurism to the 
true variety — a dilatation of a vessel, and particularly of an, artery. 
Aneurism of the heart has been described on p. 525, and dilatations of 
veins will be referred to later, 

etiology. — Aneurisms are due to local weakening of the vessel-wall, 
and’ their production is aided by any increased pressure within the vessel. 
Thus, any process wliich produces degenerative changes in the vascular 
system may be regarded as a possible cause of aneurism. The condition 
is of most frequent occurrence in persons about the age of forty or forty- 
five, and in those whose vessels shew arterio-sclerotic changes. Arnotig 
, the common primary causes are syphilis (in at least 50 per cent, of cases), 
alcoholism, gout, lead-poisoning, and other chronic intoxications. Rheum- 
atic fever, and possibly other acute infections, by producing a more or 
less acute endarteritis, may be important causal agents. These factors 
are aided by increased blood-pressure, and, for this reason, aneurisms 
are most frequently found in those who are subjected to severe muscular 
strain and are, therefore, much commoner in males than in females. The 

1 Klotz, “ Arterial Lesions in Rheumatic Fever,’* Jour, Path, and Bact, 1913, 
vol. xviii. No. 2, p. 269. 
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occurrence of aneurisms in Bright’s disease is probably due to the de- 
generative changes in the wall of the vessel brought about by the chronic 
toxsemia, but there seems little doubt that the persistent high pressure in 



Fig. 263, — Aneurism of Abdominal Aorta filled 
with thrombus. (Fldinburgh University 
Anatomical Museum. Catalogue No., Cir. 
G. f. L) 


the vascular system is an im- 
portant contributory cause. The 
degenerative changes and the 
loss of contractility and elasti- 
city in the media diminish the 
resistance to the distj^^nsile force 
of the blood ; and‘ probably, in 
the majority, if Qpt in all, of 
the cases, this degeneration is 
essential to the production of the 
dilatation. Destructive changes 
in the walls of the arteries 
may also be produced by direct 
injury • by the spread of ulcera- 
tion from outside, g, aneurism 
of the splenic artery resulting 
from tfie involvement of that 
vessel in ulceration of the 
stomach, or aneurism of a branch 
of the pulmonary artery due 
to destructive changes in a 
phthisical cavity : or by sepsis 
involving the artery fmni 
within, as occurs in septic 
embolism or in the local spread 
of malignant endocarditis into 
the aorta. 

Sites of Aneurisms.— The 

artery most commonly affected 
is the aorta^ and, in particular, 
its thoracic portion . The aneu r- 
ism starts, as a rule, in 
the region of the sinuses of 
Valsalva, and, eventually, may 
involve especially the ascending 
part of the arch. Sometimes, 
the aneurisms are^ multiple, and 
an aneurism of the thoracic 


aorta may be associated with one or more on the abdominal aorta, 
in pomt of frequency to the aorta, the pqpUteja, lemoraL carotid, 
Innoiniiiato, Uiac, cerebral, and various , idsceral 
allies are afifcc)ted.'^ 
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^Though larger aneurisms of the cerebral arteries are comparatively 
uncommon, minute or miliary aneurisms are of not 4 nfrequent occurrence. 
They affect especially the smaller-sized blood-vessels of the brain — 
particularly the branches supplying the lenticulo-striate body — and the 
retinal arteries. 

Aneurisms resulting from emboli are most commonly found in young 
people, especially in the cerebral, though they may also develop in the 
peripheral, vessels. They are probably due to stretching of the degener- 
ated, and perhaps necrotic, vessel-wall by the increased pressure behind 
the obstruction. 



Fio. 204. — Section through a laminated Thrombus in an Aneurism of the Aorta, 
(Pathological Museum, University, Sheffield.) 

Varieties and Structure. — True aneurisms may be divided into two 
main varieties : — 

(1) Those in which there is primarily a general, and more or less 
uniform, dilatation of all the coats of a vessel — ^the fusiform aneurism. 
As the dilatation increases, there may be thickening of the inner and 
outer coats, with atrophy of the media. This atrophy is usually only 
partial, but, at places, there may be complete disappearance of the 
muscular tissue. More rarely, the inner coat also undergoes atrophy. 

(2) Those which are really pouches from the vessel — a Jigp^I^^Unilatexal 
dilCftatipn tj^Jpng, at a. weakened part of the vessel-wall. These 
saccular aneurisms usually communicate with the vessel by a more or 
l^s narrow opening. The wall of the aneurismal sac, like that of the 
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fusiform aneurism, may shew evidence of the presence of the three coats 
of the vessel, with, however, the media usually atrophied and the intima 
thickened and atheromatous. In* other cases, it may be impossible to 
trace the constituent coats. 

Thrombosis is a very common occurrence in this class of aneurism, 
and the thrombus is deposited in successive layers (see figs. 263 and 264). 
This laminated thrombus may more or less completely fill up the sac, 
and organisation may take place. If the ancurismal sac is small, com- 
plete healing is sometimes brought about by this process of thrombosis 
and organisation. 

Miliary Aneurisms. — These aneurisms are of the sacculated variety, 
are very shiall, and may even be microscopic in size. As already stated, 
they are found especially on the arteries of the brain and of the retina. 
They are usually multiple and occur on arteries which shew arterio- 
sclerotic changes, and are commonly associated with hypertrophy of 
the left ventricle. Some of them have been described as dissecting 
aneurisms, but this is difficult to demonstrate conclusively. Rupture of 
these miTUite aneurisms is a frequent cause of cerebral heehiorrhage. In 
this class of aneurisms are included minute bulgings of the middle and 
inner coat or of the inner coat alone through a degenerated outer coat. 
Some of the minute aneurisms on the pulmonary vessels in cases of 
phthisis arc of this nature, as are also the miliary aneurisms described 
by Charcot as due to a sclerous periarteritis. The lesions of polyarteritis 
nodosa p. 554) are generally of the nature of minute aneurisms. 

In Dissecting “ Aneurisms” resulting from degenerative changes in, 
or from mechanical injuries to, the intima, the blood in ^he artery 
makes its way between the inner and middle coats or betw^een layers of 
the middle coat, and burrows, it may be, for considerable distances. 
By rupture of the wall of the vessel, it may eventually make its way 
either externally, or back into the lumen. These so-called aneurisms are 
most commonly found between layers of the middle coat, and may cause 
atrophy of the muscular tissue. They generally arise through the cracking 
across of an atheromatous patch, but they also occur as the result of 
ulceration spreading from the aortic valves and involving the first part 
of the aorta. 

Shennan ^ has described several cases in which, ^though the patho- 
logical changes were in the middle coat, there was no atheroma or other, 
gross lesion in the intima. The medial changes were fatty degeneration 
of the connective tissue closely apposed to the elastic lamina, increase of 
the connective tissue between the laminse, hyaline degeneration of this 
connective tissue, thinning or varicosity of the elastic fibres, rupture 
of these, and sometimes rupture of numerous adjacent fibres. Atrophy 
disappeatance of the muscle-fibres occurs sometimes over a consider- 

! ! ^ Shennan and, Harvey Pirie, “ The Etiology of Dissecting Aneurism,” Brit 
ed, Jaur.f November 1912. 
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able^area in the middle and also in the outer part of the wall. As a result 
of pressure, the intima is bulged into this degenerated part of the media 
and may rupture. The plane in which the blood travels is partly 
determined by -the site of the degeneration in the middle coat. 

The so-called False Aneurism is really a hsematoma. By traumatism 
or spontaneous rupture of a vessel, the blood escapes into the surrounding 



Fio. 266. — Section through an Aneurism of tho descending Aorta, eroding the vertebrfle, 
the bodies of which are more affected than the intervertebral discs which are seen 
projecting into tho cavity of the aneurism. This has been opened into from behind 
by mesial section through the spine, the two halves of which have been separated 
from each other. 

• 

tissues, where it becomes encapsulated by condensation of these tissues, 
or by their inflammatory or irritative proliferation. 

Sometimes a wound perforates both an artery and a vein, a 
direct connection may be established, and the vein become markedly 
distended by the blood which passes in from the artery. Such a con- 
dition is known as an aneurismal varix. Again, the connection between 
the two may not be direct, but may take place by an adventitious sac 
formed by a condensation of the intervening tissues, an^ to such the 
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name varicose aneurism is applied. A varicose aneurism may also be 
produced by a saccular aneurism pressing upon, and eventually opening 
into a vein. 

The terms Circoid Aneurism ” and Anastomotic Aneurism are applied 
to conditions where there is a mass composed of dilated and thickened vessels 
in the subcutaneous tissues. There is no aneurismal dilatation in these cases, 
and the term “ aneurism in connection with them is wholly misapplied. 

Conditions associated with, and Terminations ot^ Aneutisms.— The 

general tendency of aneurisms is to enlarge progressively — the surrounding 
tissues being pushed aside or absorbed as a result of the pressure. The 
enlargement is not always in the direction, of what aj)pears to be the 
line of least resistance. Thus, an aneurism of the thoracic or abdominal 
aorta may enlarge posteriorly and cause erosion of the vertebral bodies, 
even coming to press on the spinal cord. In this erosion, the inter- 
vertebral discs do not suffer to such a degree as the vertebrae themselves, 
and may be seen projecting beyond the surface of the eroded bones 
266). Enlargement may, however, take place in, any direction, 
and thus important structures may be pressed upon and their function 
interfered with, or they niay even be completely destroyed . An aneurism 
of the thoracic aorta may press on and erode the sternum; may cause 
compression of the trachea or bronchi, and thus produce collapse of the 
lungs ; may compress and open into some of the larger veins ; or may 
cause laryngeal paralysis by pressure on the left recurrent laryngeal 
n^^yc. ^ 

Hypertrophy of the left ventricle is frequently describee^ as occurring 
in cases of aneurismal dilatation; but, in our experience, it is not usual, 
unless there is some associated narrowing or dilatation of the aortic 
orific(?, or the presence of some independent cause of hypertrophy, e. g, 
Bright’s disease. 

Spontaneous cure by thrombosis and organisation is rare. |tupture 
may occur in any situation pr into any adjoining cavity, organ, or tissue. 
Aneurisms of the thoracic aorta may burst into the pericajj^l or pleural 
sacs, into the trachea or bronchi, into the oesophagus, the vena cava, 
the mediastinum, or, much more rarely, externally, after the skin has 
become stretched and eroded. 

(C) DISEASES OF VEINS 

DILATATION AND VARICOSITY* — ^The veins possess a great capacity 
for dilatation, and, therefore, any mechanical obstruction to the circulation 
QT any weakness of the walls of the veins may give rise to very great 
enlaif^ment. The obstruction in one vein leads to obstrtiction and dis- 
of its tributaries. Accompanying the dilatation, if not merely 
there is also elongation of the vessels, which, in consequence, 
" j^town into fSlds and become varicose. ^ 
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Causation. — Mechanipal causes are, perhaps,, the most important. 
Thus, if there is obstruction to the portal 
circulation by tumours, by cirrhosis ci the 
liver, or by other causes, great distension 
and varicosity of the veins of the rectum and 
of those at the lower end of the oesophagus 
may occur. Pressure, due to tumours, 
repeated pregnancies, etc., upon the veins 
returning blood from the lower limbs, may 
give rise to varicosity of the veins of the 
lower limbs. These causes are in them- 
selves suflB.cient to produce this condition j 
but they hre, no doubt, aided by weakening 
of the walls of the vessels, absence or 
diminution of the external support of the 
surrounding tissues, and cardiac conditions 
in which the circulation is greatly impeded. 

Gravity plays 'some part in the process, as 
is evidenced by the frequent occurrence of 
varicose veins in the legs of those whose 
occupation demands a great ^amount of 
standing. 

Pathological Anatomy. — ^The dilatation 
and varicosity of the veins are accompanied 
by thickening of their walls, and usually by 
incompetence of the valves — ^this incompet- 
ence increasing the dilatation and the vari- 
cosity. The thickening of the walls of the 
veins is especially marked in the inner coat, 
which sometimes becomes calcified. Degen- 
erative changes take place in the muscular 
coat, and calcification may also occur in it. 

The outer coat may shew prohfera^ve 
changes. Thrombosis is very liable to occur in 
the dilated veins. Such thrombi may undergo 
organisation, or they may become calcified, 
forming phleboliths or '' vein-*stones ” ; or 
they may become detached, in whole or in 
part, and give rise to embolism. The separa- 
tion of the thrombi, with the formation of 
emboli, is more likely to occuf in cases in 
which septic infection, with consequent 
softening, takes place. The tissue round 
the diseased veins may shew chronic inflammatory changes. Thus are 
to be explained the^ chronic eczematous condition of the skin and the 

88 



Fiq. 266. — ^Thrombosis in the 
Iliac and Femoral Veins. 
Adhesion and partial organ- 
isation ot the thrombus 
towards the upper part. 
(Edmbuigh University Ana- 
tomical Museum. Catalogue 
No„ Cir. H, a. 3.) 
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thickening of the subcutaneous tissue so freq^uently associated '.with 
varicose veins. On the othei hand, the pressure of the dilated vessels 
often causes atrophy of the surrounding parts. Ulceration of the 
superjacent skin and other tissues may occur, and ulcers so produced 
are usually very indolent and persist for years. The vein may 
rupture or may be opened into by the ulceration, and thus serious 
hsemorrhage be produced. This haemorrhage, by rupture, is perhaps 
commonest from the varicose veins — hsemorrhoids — of the «lower parts 
of the rectum : or from those at the lower end of the oesophagus in 
cases of cirrhosis of the liver. 

Sltoattons in which varicose veins most oommoniy occur 

1. veins of the iower iimhs. 

2. The veins of the iower part of the rectum, immediately under the 
mucous membrane. These veins communicate with the inferior mesen- 
teric vein — a tributary of the portal vein — and with the internal iliac — 
a tributary of the vena cava. Thus, any obstruction to the portal circu- 
lation or any abnormal pressure in the intestines or in the abdominal 
cavity may cause dilatation of the venous plexus. The veins become 
varicose, and bluish knots, varying in size, are seen pushing the mucous 
membrane before them. These hssmorrhoids or piles may rupture; 
thrombus formation may take place in them ; and chronic inflammatory 
changes may occur around them. 

3. The veins of the spermatic cord. — ^Dilatation aixd varicosity of 
these — varicocele — occur especially on the left side, due no doubt to the 
circuitous course of the left spermatic vein. It has been stated that 
this condition causes atrophy of the testicle, and that it iuay g^e rise 

to hydrocele or hsematocele. 

4. -The veins of the neck of the bladder and prostate in the male, and 
of the va^a and broad ligament in the female ; and those of the dura 
mater and of the lower end of the oesophagus, may be the seat of Varices. 

INFLAM MA TION. — ^This condition frequently occurs in veins which 
are dilated .and varicose. It may spread from neighbouring inflamma- 
tions, resulting from infected wounds, erysipelas, etc., as in the thrombo- 
sis of the lateral sinus, secondary to suppurative middle ear disease. 
HicroscopicaUy, in such acute cases as arise by spread from neighbouring 
inflammatory areas, there is found an invasion of the various coats 
of the -vein by inflammatory cells. Thrombosis frequently occurs, and 
the thrombi thus formed pay become infected, and may soften, break 
down, and form emboli. In a second ^up -of cases,' the inflammation 
starts from within, and is most commomy the result of septic infection, 
^ptic matter is introduced into the vein and induces thrombosis. 
w‘pric thxombus, however produced, acts as an irritant to the 
^^aher coat of.thd^yessel, and cam^ an exudation of leucocytes, which 
infiltrate the varied coats of the v^l-— the tiuombus eventually breaking 
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down, and the vessel becoming filled with a purulent material. This 
septic exudate, which is distributed by the blood-stream and becomes 
lodged in various situations, causes multiple abscess-formation, and is 
liable to produce all the phenomena of pysemia. Non-septic phlebitis is 
said to occur. It is always associated with thrombosis, and has been 
called thrombo-phlebitis,” It may arise as a result of injury to the 
vessel-wall. The thrombus formed undergoes organisation, in whole 
or in part, jand may become calcified, or be partially absorbed, leaving a 
thickening of the wall of the vei^, especially of its inner coat. There 
may, however,*be, in addition, some proliferation of the connective-tissue 
cells of the media. A similar condition which has been called “ phlebo- 
sclerosis ’’ is said to occur in cases of syphilis and gout. 

THROMBOSIS IN VEINS is fully dealt with on p. 142. 

DEGENERATIONS. — ^Fatty and Waxy or Amyloid degenerations are 
not uncommon, but the changes in the veins due to these conditions 
have been described in Chapter II. 

Reference has already been made to Calcification. 

GRANULOMATA. — Tuberculous disease in any organ may spread so 
as to involve the veins, and, by destruction of their walls, the tuber- 
culous material reaches, and is distributed by, the blood-stream, giving 
rise to a general tuberculosis. 

Syphilis produces, as a rule, much less evident results in veins than 
in arteries. Definitely marked histological changes in the veins are 
uncommon, but gummatous infiltration and syphilitic endo-phlebitis are 
described, as is also the condition of syphilitic peri-phlebitis, which is 
occasionally nodose in its distribution. 

TUMOURS. — Tumours of various kinds involve secondarily the 
walls of the veins, and may spread along their lumen. Of primary 
tumours, myomata and sarcomata have been described, but they are 
rare. ^ ' 



CHAPTER XV 


DISEASES OF THE BLOOD AND BLOOD-FORMING 

ORGANS 

INTRODUCTORY. — Before passing to the systematic description of the 
diseases of the blood and blood-forming tissues, it may be well to give a 
short risumi of the composition of the blood in health, and also of out 
present knowledge with regard to the origin and development of the formed 
elements in the hsemopoietic or blood-forming tissues, such as the bone- 
marrow and the lymphatic glands. In the past, attention has been devoted 
chiefly to the morphological characters of the formed elements of the blood 
— the difierent varieties of leucocytes, normal and abnormal, their total 
and their relative numbers, and the degenerative and other changes 
occurring in them : the number, size, shape, and contents of the red 
corpuscles: the number of blood-platelets present, and similar phenomena. 
Recently, mucK work has been done in connection with the physics and 
chemistry of the blood, and also with regard to its bacteriology and 
parasitology. The most remarkable recent advances have been the 
discovery of certain apparently specific substances which are cither nor- 
mally present in the blood, or are developed in it as the result of disease — 
natural or experimental — and which are known as hsemolysins, agglutinins, 
precipitins, coagulins, opsonins, bacteriolysins, etc. The chemistry and 
nature of these bodies are still but little understood, and their presence 
can be determined only by certain delicate bio-chemical and other tests 
* which are as yet more or less empirical in their results. A more detailed 
account of some of these substances and their reaiptions will be found in 
the chapter on Immunity (p. 460). 

the total volume of the circulating BLOOD.—The older 

estimate that, in man, the total amount of blood was about onC-thirteenth 
of the body weight, has, by more recent scientific methods, been found 
.to be somewhat excessive. Haldane and Lorrain Sniith estimate the 
piV^i^e amount to be 4’78 per cent., or about a twentieth (with a variation 
V . p from about a thirtieth to a sixteenth). If the total fluid bulk of the 
^}|fl<>od is artificially increased or diminished, rapid readjustment as regards 
volume tak^ pl^. 
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PI*ATE XIV 


Fia. 1. — Film of Normal Blood (siaizied iprith h^^matin and eoain). blood* 

<>orpusdejB are regular in outlJ£ie and in «ize. 

a.a.^Polymornhonuolear leucocytes. 

(. — JESoeanopml leucocyte. 

c. — Small fymphooyte. 

d. — ^Laige hyaline leucocyte. 

e. -*B]ood-phitelete. x 000 


Fia. 2»'-^Blood-F£hn from a case of Neutrophil Polyfnorphonuclear Leucocytosis 

with eosin and methylono-bluo). ^ 

a.a. — Polymoiphonuolear leucocytes. 

&. — ^Memum-eized lymphocyte. 

The red coipuBcleB do not exhibit any obvious changes. X 600 


Fio. 3. — Bl6od*FUm from a case of Mydocythoemia (stained with Jenner's stain). 

а. a. — Adult pol^orphonuclear neutrophil leucocytes. 

б. &.-^lmmature polymorphonuclear neutrophil leucocytes. 

c. c. — Intermediate neutrophil myelocytes. 

d. d. — Small neutrophil myelocyte. 

e. e.-^Large neutrophil myelocytes. 

Non*granular mononuclear cell, possibly a pre-myelocyte or parent-cell of 
the granular myelocyte. 
ff,a. — Eosinophil myelocytes. 
a.A. — ^Mast-cells. 

I*.— ^mall lymphocyte. 

b.--LargeWhooyto, 

l.L*-*Normoblasts. X 600 


Pia, 4. — Blood^Film from a case of Lympkocythcemia (stained with Leis\man’8 stain)* 
a. — ^Polymorphonuclear leucocyte. ^ 

6.6. — Small . . . | ^ ^ , 

6'.6'. — ^Medium-sized J-Lymphocyte-like cells. {Bee p. 610.) 

6^.6*.^ — ^Large . , . j 

c.' — Normoblast. 

— ^Normoblast with fragmented nucleus. X|W 
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, I CONDinOlfS OF THE PliASMA AMD OF THE BLOOD 

AS A WHOLE 

Th<& CHEMISTRY of the blood is extremely complex, little is yet 
known of tho ultimate uaturd of many of its constituents. In the blood* 
plO^mi^ Mquor sangoiAls, or fluid portion of the blood, are dissolved or 
^suspended — ^iu addition to innumerable other substances — ^the nutrient 
material which it conveys to the tissues, and the various waste-products 
which arise during metabolismj and which are cairied to certain organs to 
be destroyed oi»excreted. Similarly, Iho “ internal secretions elaborated 
by various organs and tissues are distributed by the blood and lymph, 
through the agency of which they act upon the various structures of the 
body. 

The blood is thus constantly changing in its composition. The 
relative amount of fluid and the absolute and relative numbers of the 
formed elements vary' considerably, Tiot only in different individuals, but 
also from time to time in the same individual and in different organs and 
tiSbues of the body. 

Thus, in the interpretation of observations upon the blood, many 
considerations have to be home in mind. These' are well summarised by 
Ewing i—who also adds that ; ** the examination having been performed, 

its results are to be interpreted only in the light of the fullest possible 
clinical information ’’—as follows : — 

“ 1. There are considerable physiological variations in the volume and 
composition of the blood, according to the constitution of the individual 
(plethora), and the degree of musciuar development. Here may be classed 
the variation between the sexes and between the different periods of life. 
Such variations are permanent, but usually not of extreme grade. 

2. There is a great variety of physiological conditions producing marked 
but transitory changes in the blood, such as active digestion, muscular exertion, 
the ingestion of fluids, profuse perspiration, temporary cyanosis, etc. 

“ 3. The nervous system has a very striking temporary influence on the 
quality of the blood in local or general areas, acting through the cerebral 
(psychical) or medullary centres, or through local vasomotor nerves, 

“ 4. Various local influences may greatly change the quality of the blood- 
specimen, as seen in the local and transient effects of cold, heat» massage, and 
electricity. 

5. Many therapeutical procedures may temporarily alter the blood, 
as the aspiration of fluids, administration of diaphoretics, purges, vasodilators 
4amyl nitrite), vasoconstriotors, etc. 

Various pathological conditions may p^ly or completely obscure 
the real status of the blo(^, as the sweats of phthisis ; the diarrhoea of typhoid 
fever, dj^entery, and cholera ; general cyanosis or local stasis ; the increased 
arterial tension of mremia; the polyuria of diabetes and nephritis; 

cardiac faQuie^ etc.” ^ ^ 

The btood^ntains from rather more than one-third to one^half its 

^ Ewing> Paihoiogy of the Blood, 2nd edition, Kimpton, London, 1904, 

p- 2a 
• * 
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weight of corpuscles, and from 20 to 26 per cent, solids. The Blood- 
plasma is resolved, on coagulation, into Selmm and Fibrin, the latter forming 
only from 0*2 to 0*4 per cent, of the total weight of the blood. The serum 
contains 8 to 9 per cent, solids, of which 7 to 8 per cent, consist of proteins 
and about 1 per cent, of salts. The protein-content of the serum consists 
chiefly of the two series of coagulable proteins, the serum-albumins and 
the serum-globulins, the total amoimt of which, as a rule, remains more " 
or less constant, and is about 8 per cent, by weight of normal serum. 
The ratio of these substances to one another, however, varies considerably 
both in health and in disease, but further observations are required before 
any definite rule can be laid down with regard to these variations. This 
ratio is known as the “ protein-quotient.” It varies in.different animals, 
but, in the same animal, it is almost constant in the blood, serum, lymph, 
and serous transudates, though the total protein-content of these fluids 
may be very different.^ The globulin-fraction of the serum-proteins is 
again divisible into two farther fractions : euglobulin, which can be 
precipitated by dialysis : and pseudoglobulin, which is not so precipitablc, 
but is thrown down on half-saturation with ammonium sulphate. Serum- 
globulin molecules are of large size and will not pass through a porcelain 
filter: They are probably of importance in relation to various “ adsorp- 
tion ” phenomena discussed in the chapter on Immunity (p. 450). The 
albumin-content of the serum is said to be considerably diminished in 
severe anaemias and in cases of dropsy. 

Traces of numerous nitrogen-containing substances such as urea, uric 
acid, etc., are present in the blood and may be slightly increased in acute 
fevers, uraemia, leucocythaemia, etc. ' " 

Glucose in very small quantity is normally present, and has been found 
to be increased in cases of diabetes, in which its amount varies greatly. 
Hyperglycmmia (to the extent of 0-4 to 0*6 per cent.) and glycosuria 
follow the experimental excision of the pancreas in animals — ^whether 
the animals are starved or fed upon a protein or protein-and-fat diet — 
owing to loss of the secretion of the islets of Langerhans. 

Glycogen in the plasma and in the leucoc 3 i;es may be demonstrated 
microscopically by its brown staining-reaction with iodine. In finely 
granular form, it is normally present in the plasma; whilst it is also 
found, sometimes in large amount, in the leucocjd;es, particularly the 
neutrophil polymorphonuclears (glycogenic reaction or iodophiUa), in 
certain pathological conditions, notably in cases of fever, leucoc 3 ^h 8 einia, 
and in certain toxssmic concKtions, especially in septicssmias, and in acute 
inflammatory and suppurative diseases. In tuberculosis; the glycogenic 
.reaction of the leucocytes is said to occur only if there are suppurative 
complications ; and in diabetes, only if coma, suppuration, or gangrene 

^ llost of the Information in thl^araCTaph is taken from Starling’s Principles 
of Human PhysiolOfiyt 9bd edition, Cnurohill, London, 1915, which should be con- 
sulted^for'detafls. 
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supervene — though, in diabetes itself, the extraceUular glycogen in the 
blood-plasma is usually increased.^ 

Fatty Substances. — These vary considerably in amount in different 
individuals, and also with the quantity of fat ingested and absorbed. 
Llpsemia, or abnormal increase of fat in the blood, may occur in certain 
cases of « diabetes. Such blood, when freshly drawn, shews a milky 
pinkish colour, and, on standing, separates, into various strata, the super- 
natant fatty layer often being of very considerable thickness. In certain 
cases in which the oxidative capacity of the body for fats is inadequate, 
as the result either of disease or overstrain of the fat-oxidising powers, 
e. g, in the acute acidosis in the terminal stages of diabetes, acetonuria 
occurs. The acetone, and the /3-oxybutyric and diacetic acids also occurring 
in the urfne in such cases, were formerly thought to be derived from the 
carbohydrates of the food or from sugar abnormally produced in the body. 
In many cases, however, the acidosis is induced by the carbohydrate- 
starvation employed in the treatment of such patients, and these acids 
arc derived from the fats, and perhaps also from the proteins, of the body 
and food. A similar result is obtained on giving an exclusively or exces- 
sively fatty diet in health. The partially oxidised fatty acids, jS-oxy- 
butyric and diacetic acids, accumulate iii large quantities in the blood and 
are excreted in the urine, chiefly as-acetone, though the acids themselves 
may also be found. “ Acetonasmia/’ or, perhaps more accurately, acidosis, 
and acetonuria may be present, particularly in children, in delayed 
chloroform-poisoning, in some cases of peritonitis, and in certain febrile 
attacks of unknown origin — ^sometimes occurring as epidemics — ^which 
may be recurrent in the individual cases affected. 

Bile-acids, bile-pigment, and also, it is said, cholesterol, are present in 
considerable amounts in cholsemia or jaundice. 

Various inorganic salts, such as phosphates, chlorides, carbonates, and 
sulphates, are normally present in the blbod-serum. Of these, sodium 
phosphate and chloride are present in greatest amount. Variations in 
these do not appear to be very marked in disease. 

PHYSICAL CHARACTERS OP THE SERUM.~^The pale-yellow or 
slightly greenish-yellow tinge, of the serum is due to the presence of certain 
fatty pigments or llpochromes. In acute toxic diseases characterised by 
marked blood-destruction, the blood-serum may present a reddish tint, 
due to the presence of hsemoglobin extravasated from the injured red 
corpuscles. This is, however, as a rule, only slight in amount, and, in 
such toxic conditions, the coloTir is more usually orange-red from the 
presence of bilirubin. 

The specific gravity of the serum varies, in a state of health, from 1*025 
to 1*030 ; that of the blood as a whole from 1*050 to 1*060.® The variations 

^ For further details of this reaction, see W. Herbert Brown, “ A Clinical Study 
of the Glycogenic Reaction in Blood,*’ PmcHtioner^ January 1910, p. 87, 

‘ Lloyd Jones states that, in childhood, the sj^iflo gravity of the whole blood 
is L050, gtaduaUy'increasing until, at seventeen, it is 1*068 in the male and 1*0666 
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are due to^ changes in the proportional amount of fluid, and also, but to a 
less extent, in the relative amount of solidii, more especially of salts, 
present* It is, naturally, lower after the absorption of much liquid into 
the blood, and higher after sweating, diarrhoea, etc. In ansemias, the 
specific gravity o| the blood as a whole is lowered, usually in direct propor- 
tion to the diminution in the amount of hromoglobin. 

Osmotic tension. — When the osmotic tension of the salts in the plasma 
is normal, the hssmoglobin in the red corpuscles is retained within them ; 
but, if this relationship is sufficiently altered by the addition of water, the 
corpuscles become “ laked,’’ i. e, the hsemoglobin passes out into the 
plasma. In terms of the strength of a solution of common salt, the osmotic 
tension of the blood-plasma is about 0*9 per cent. 

Alkalinity. — ^The relative degree of alkalinity of the blood is due to 
the presence of carbonates and other salts. No very constant results 
have, as 5 ^eb, been obtained in the estimation of the alkalinity of the blood, 
that of the plasma, and that of laked blood — i. e, the whole blood in wJiich 
the contents of the corpuscles have been freed — differing considerably from 
one another. The method devised by Wright is the one now most com- 
monly adopted for estimating the alkalinity, but it still remains to be 
seen whether the results of such observations are of much clinical value. 

Coagulability. — The investigation of the coagulability of the blood is a 
point of considerable importance in connection with the various “ bleed- 
ing diseases^ such as scurvy, purpura heemorrhagica, the so-called hsemo- 
rrhagic diathesis, etc. In these conditions, coagulation may be indefinitely 
delayed; and it may also be delayed in the acute infective fevers, in some 
of the aneemias, and in cases of jaundice. The coagulability may be 
estimated by the length of time taken for drawn blood to coagulate in a 
series of capillary pipettes (Wright's method), or by breaking across, at 
definite time-intervals, a capillary tube of sufficient length filled with blood, 
and observing the time taken for a clot to form, as suggested by M‘Gowan, 
Addis^ is of opinion that the cause of the delay in the coagulation of 
heemophilic blood is a qualitative defect in the prothrombin {see p. 627). 
The coagulability of the blood tends to be increased in pneumococcal 
infections, intracardiac thrombosis being an important complication, 
especially in acute lobar pneumonia. An increased liability to 
thrombosis is also described in chlorotic anaemias. The general subject 
of Tlirombosis is discussed in Chapter V, p. 137. ' ^ 

The n*eezlng-point of the Blood has been investigated, more especially 
in connection with its relationship to that of the urine, in diseases of the 

in the l^ale. Thereafter it continues to increase in the male; whereas in the 
female it may diminish again during the establishment of menstruation, but in- 
creases ag^n after twenty-nve, at which age it is 1*055 or 1 *056. There is, i^erefore, 
non^mlly a fal{ in female after puberty, a fact of importance in the consideration 

W ji^e-incidenee bf c^rosis (se^. 617). 

' 4 Addis, ThaPi#^|^uesis of fiWeditary Haemophilia,**’ Jour. Path, and Bact, 

VoL XV., No. 4, 1011, W- 
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kidneys, the freezing-point being lowered by the presence 6f greater 
quantities of dis^lved salts; etc,, and vice versa. The process of testing 
the freezing-point is known as ‘‘ Cryoscopy.” 

Various Ferments, oxidising, fat-splitting, glycolytic, etc., are described 
as occurring in the blood. 

A subject upon which a considerable amount of work has recently been 
done, especially in America, is the existence of several — ^probably four — 
types” of •human blood, a knowledge of which is of great importance to 
surgeons and others who may be called upon to perform the operation of 
transfusion of h\iman blood for the treatment of cases of haemorrhage, per- 
nicious anaemia, }x®niophilia, septicaemia, etc. Quite apart from the risk 
of transmitting such diseases as syphilis, malaria, etc., it has been found by 
experience that serious, and sometimes even fatal, results may follow the 
intravenous injection of an ^Mnoompatible blood — ^vomiting, dyspnoea, 

urticarial skin-eruptions, rapid feeble pulse, and, perhaps, convulsions or 
coma, and even, in some cases, death, supervening. In order to minimise 
these risks, tests should always be carried out to ascertain whether the 
donor’s blood will not (a) agglutinate, and (6) heemolyse the red corpuscles 
of the patient — ^thc two phenomena usually running parallel with one another. 

Moss ^ states* that there are probably four such typos, the suitability of 
which for transfusion he gives as follows : — 


donor. 

Perokntaqe 

ITrequbnoy.^ 

' Suitable ip Patient belongs to 

Group I 

5 

Group I. 

» 11 

40 

.. 1. 11. 

„ m 

10 

t, 1. 111. 

» IV 

45 

„ 1, 11, HI. or TV. 


For determining these reactions, Vincent ^ has described a simple agglutiii; 
ation-test, for the details of which the reader is referred to his original paper, 
or to a valuable review of the subject by Rendle Short.® 


The Presence of Bacteria in the Blood, e.g, in typhoid and para- 
typhoid fevers, streptococcal, and other septicaemias, pneumonia, etc., can 
best be demonstrated by methods of culture. Sufficient blood — usually 
5 or 10 cubic centimetres or more — ^is withdrawn from a vein, added 
to some suitable culture-medium in sufficient dilution, incubated, sub- 
cultured if necessary, and examined. 

The Presence of Animal Parasites, c. g. protozoa, worms, etc., is dealt 
i^th in the Chapter on Parasites, p, 346. (See urder Malaria, Trypano- 
somes*, Filaria, etc.) 

Foreign material of extraneous origin is often found when examining blood 
under the microscope. Particles of dirt, squamous epithelial cells, bacteria 
and other organisms from the skin, etc., must therefore be carefully differen- 
tiated from true pathological material present in the circulating blood. 

^ Moss, Med. Btdl., May, 1918, p. 616. 

* Vincent, Jmr. Amer. Med, Assoc., 1918, i, p. 1219. 

® Rendle Short, Blood Transfusion,” Med. Annual, Wri^t & Sons, Bristol, 1919. 
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IL VARIATIONS IN THE FORMED CONSTITUENTS OP THE 
BLOOD, i e. the Bed Blood^CoipuscIes, Leueocytes, and Blood-Platelets. 

A. ERYTHROCYTES OR RED BLOOD-CORPUSCLES 

These are minute, circular, bi-concave, disc-like bodies, which contain . 
the he&moglobin or red colouring matter of the blood* In the fresh state, 
they are ext.remely elastic, and are capable of rapidly returning to their 
normal shape, even after great distortion. Except in foetal life and just 
immediately after birth, they are, in health, devoid of nuclei* when they 
enter the circulating blood from the bone-marrow, alone, during, 

extra-uterine life, they are formed. They measure a^]jt 7*6 to 8*6 in 
diameter. In the adult healthy male, they number abd^t &ye-anff^arhalf to 
six millions per cubic millimetre, and about half a million less j)^\c.mm, in 
the female. This number is increased in plethora, eryiluraemia or 
polyeythmmia rubra, and diminished in anaemia or ollgocythm^a rubra. 
In estimating the value of observations upon the number of red 
corpuscles present, possible temporary variations in the amount of the 
fluid constituents of the blood must be borne in mind. The 
hmmoglobin-content may be estimated as so much per cent, of that in 
health in the blood as a whole, or as so much per corpuscle — in the latter 
case, the normal colour- or hsemoglobin-index being taken as unity. 

Formation of Rouleaux. — In normal blood, after it is shed, the disc- 
like red corpuscles tend to run together, and adliere to one another by 
their flat surfaces, forming rouleaux. In some pathological conditions, e. g, 
the anaemias, this tendency may be only slight, or even entirely absent. 

Variations in the Size (Anisocytosis) of the erythrocytes may oepur in 
disease, abnormally large corpuscles being known as megalocytes, those 
which are diminished in size being termed microcytes, and those of normal 
dimensions, normocytes. Red cells of corresponding dimensions which 
stilljjretain their nuclei are known respectively as megaloblasts, micro- 
blasts, and normoblasts. Certain red corpuscles of exceptionally large 
size, and found especially in pernicious anaemia, are known as gigantq^ 
cytes, or, if still nucleated, as ^gantoblasts. ; 

Normoblasts, or nucleated red corpuscles of normal size, are fj^nd 
physiologically in the formative or red bone-marrow. From this, ^^^er ^ 
ordinary circumstances, they should pass into the general circulation 
only after their nuclei have disappeared; but, in certain conditions in 
which the equipoise of the haBmopoietic functions of the marrow is dis- 
turbed, 6.^. after ha3morrhage, in the anaemias and the leucocythaemias, 
nucleated red edb may pass out into the blood. This may^also occur, 
though usually only to a very slight degree, as an accompaniment of 
leucoc^osis, especially if the latter is very excessive in degree. The 
passa^ of erythrohlasts into the circulating blood takes place much 
more readily in children. la some cases of anasmia, the nucleated red 
l;>lood-corpuscles b^ine specially numerous just befom death ; and, in 

several of such cases observed by the authors, this phenomenon appears 



DISEASES OF BLOOD AND BLOOD-FORMING ORGANS 673 


to have been increased by the administration of large saHne transfusions 
— ^perhaps by the mechanical washing-out of these cells from the bone- 
marrow. ' • 

Megaloblasts, or large nucleated red cells of primitive type, are normally 
found in the circulating blood during intra-uterine hfe and for a few days 
succeeding birth. After this period, they are to be regarded as patho- 
logical if found in the circulation. They may make their appearance in 
such conditions as the more profound ansemias, especially those of per- 
nicious type, e.ff. in ‘‘ primary ” pernicious ansemia, and in the ansemias 
produced by certain intestinal parasites, e.ff, Dibrothriocephalus latus 
and Ankylostoma duodendle. Except where such parasites are found, 
the presence of more than a very few of these cells — especially if also 
accompanied by gigantoblasts and gigantocytes — ^is sufficient to justify 
the diagnosis of pernicious ansemia. It may be noted here that, though 
megaloblasts are rarely found in the blood except in the above conditions, 
they are by no means of uncommon occurrence in the bone-marrow itself 
in many diseases, not only in children — ^in whom they are comparatively 
common — ^but*also in adults. One of the authors has repeatedly found 
them in the bone-marrow in such conditions as acute septic diseases, 
typhoid fever, malignant disease, exophthalmic goitre, etc., in the adult ; 
and in diphtheria and many other acute and chronic diseases in children.^ 

Degenerative Phenomena are of common occurrence in red cells {see 
Plates XIII and XVI). The more important of these changes may be 
summarised as follows : — 

Poikilocytosis.—In some diseases, for example in the aneomias, more 
especially those which are ‘‘ pernicious ’’ in type, but also in severe second- 
ary ansemia, the red corpuscles may be distorted in shape, and are then 
known as poikilocytes (Plate XVI, figs. 1 and 4). Crenation, or the artificial 
production of knob-like projections on their surface, due to changes in 
osmotic pressure, must, of course, be distinguished -from this condition. 

Fragmentation, or breaking-up of the red cells, is not uncommon, 
both in the acute toxic diseases and in the anaemias. It is specially com- 
mon in association with the above described condition of poikilocytosis ; 
and is most frequently seen in pernicious anaemias, this being probably 
the commonest mode of origin of many of the so-called “ microcytes.” 
Some of these abnormally small red corpuscles are, however, undoubtedly 
derived from parent microblasts, i. e. nucleated forms of small size, by 
the disappearance of the nuclei of these cells (Plate XVI, fig. 1). 

Fragmentation-changes also occur in the nuclei of Erythroblasts as 
these develop into fully formed red cells. 

Colour-changes in red cells, — These alterations are most commonly 
of the nature either of increase, or, more usually, of diminution, in the 
amount of the contained haemoglobin. When viewed flat, the normal 

1 Carnegie Dickson, The Bone-Marrow, Longmans, Green &; Co., London, 1908, 

pp. 121-122. 
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red blood-corptLBcle, owing to its biconcave shape, is seen to have a paler 
central part, which represents the correspondingly thinner layer of hfismo- 
globin in this area. When the haemoglobin contained within the enrthro-^ 
cytes is diminished from any cause, e. g, in chlorosis and other anaemias, 
this central pale area becomes exaggerated. In severe cases, it may be 
perfectly^olourless and transparent, and the haemoglobin may appear as a 
more or less scanty pale-red ring around it at the periphery of the cell 
{see Plate XVI, fig. 2). 

In pernicious anaemia, on the other hand, althoughs^the total amount 
of the haemoglobin in the blood may be markedly reduced, yet the amount 
per individual corpuscle may shew little or no decrease ; or it may be actu- 
ally increased in quantity, i. e. the colour-index may be above unity, 
and in this connection it must be bonie in mind that, though greatly 
diminished in numbers, many of the corpuscles may be individually 
of larger size than normal. In such cases, the corpuscles are darker than 
normal. Crack-like markings are common in the er 3 d;hroc 3 i>es in severe 
anaemias, and, though this appearance may in some cases be an artefact, 
there is no doubt that it does also occur in vivo. 

Polychromatopliilia or Diffuse Basophilia. — ^In some conditions, red 
corpuscles, when stained with methylene-blue and eosin, or some such 
combination of stains, do not shew the usual bright-red coloration of their 
discs with the acid stain ; but, on the contrary, exhibit a varying 
admixture of blue staining (Plate XVI, fig. 1). This may occur in two 
entirely different sets of conditions. 

i. As a degenerative, and probably necrotic, phenomenon, supervening 

in adult or fully-developed erythrocytes as a result of the action 
of various toxic substances. 

ii. As a sign of immaturity, the red cells being rapidly and imperfectly 

formed in the bone-marrow, and finding their way into the 
general circulation before they have developed their proper 
complement of hromoglobin. That this polychromatophiUa 
is a sign of immaturity is proved by the fact that, in cases in 
which normoblasts find their way into the blood, these cells, 
both in the circulating blood and in the bone-marrow, freqxiently 
exhibit the condition; and further, the more immature the 
cells of this series are, the more marked is the degree of poly- 
chromatophilia observable in them. The condition is foilnd 
especially in an8emias,and is usually most pronounced in children. 

Punctate Baaophilia or Granidar Degenerafion.— In certain conditians, 

^ e. in malana, in pernicious and allied anesmias, and in severe secondary 
aneemias sucl^ ae those produced by chronic lead-poisoning, etc., the 
corpuscles may the presence of numerous mipute blue-staining 
jpoints (plate XVI,, Ir). The 03cact ori^n of these has not yet been ascer- 
■iilnod, some ^ihem as the remains of the fragmented nucleus, 

whilst pthers ^ ^ ^ degenerative oteiiiges in the cyto- 
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reticulum, and a few hsematologists even regard them as artefacts. Some- 
what analogous points or dots (Schtiffner’s’ and Maurer’s dots) are of 
frequent occurrence in the invaded corpuscles in malaria, especially the 
benign tertian form of the disease. These, however, stain bright red ; 
whereas, often in the same hlms, the blue-stained points of the punctate 
basophilia, may be seen in some of the degenerated, but uninfected, 
corpuscles* ^ 

Colour-changes in the Red Corpuscles may also be due to the action 
of certain poisons of known or unknown nature. Carbon monoxide and 
sulphuretted hi^drogen form compounds with the haemoglobin. Poisons 
absorbed from the alimentary canal may similarly form methaemoglobin 
and sulph-hsemoglobin, and may give rise to a peculiar tinting of the 
skin and mucous membranes known as enterogenous cyanosis* In some 
cases, the altered pigment may be retained within the red corpuscles, the 
change in colour being then mainly due to the inability of the new com- 
pound to take up sufficient oxygen. In other cases, if haemolysis or 
destruction of the red corpuscles also supervenes, the pigment may be 
freed into the plasma and be excreted in the urine, meth- or suiph-hssmo- 
globinsemia and -hsemoglobinuria respectively occurring. 

B. WHITE BLOOD-CORPUSCLES OR LEUCOCYTES 

In fresh unstained preparations, the white corpuscles appear as clear, 
colourless, refraetile cells, the smaller varieties of which are 7 or 8 in 
diameter, i, e, about the size of the red blood -corpuscles, whilst the diameter 
of the larger types may be half as large again as, or twice that of, the 
erythrocytes, or more. If examined under suitable conditions on the warm 
stage, the polymorphonuclear and large mononuclear cells are seen to be ^ 
actively amoeboid, whilst the smaller 15 ’^mphocytes are only very feebly so, 
or non-motile. The fine granules of the polymorph cells, and the coarser 
granules of the eosinophils, are distinctly visible as highly refraetile particles 
in the protoplasm, with, especially in the latter variety of cell, a pale- 
greenish tinge due to refraction. “ Vacuoles/’ or clear rounded spaces filled 
with fluid, are often visible in the cjijoplasm, particularly if the cells have 
been ingesting foreign particles. In the case of the large mononuclear cells, 
the cytoplasm has a delicately reticulated appearance. When observe<^ 
on the warm stage, fine streaming, and also to-and-fro dancing, movements, 
may be observed in the cytoplasm of the polymorphonuclear ,and large 
mononuclear leucocytes, especially when these cells are exhibiting phago- 
cytic activities, as, for example, in the freshly-drawn blood of a patient 
with malaria. In such a specimen, all Stages of the phagocytic process 
may be watched under the microscope, a single large mononuclear cell 
often being seen to ingest several malarial parasites in succession. Other 
jphythmic movements may also be noted, for example, a species of pulsatile 
motion in the walls of the vacuoles, if these be present. It will also be 
observed that the nucleus of such a cell, or of a ^ 
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leucoc 3 ^e, during the activities of these cells, does not rfemain motionless 
and stationary ; but may, from time to time, be seen actively to change 
its shape and relative position within the cytoplasm. 

piapedesis of leucocytes through the vessel-wall, and their active 
migration through the tissues, may be observed in suitably arranged 
specimens, e,g. in fresh, moist preparations of frog’s mesentery. The 
polymorph cells are usually the first to leave the vessels, the large mono- 
nuclear leucocytes passing out later. In this connection it may be defin- 
itely stated that, especially in certain forms of inflammation, the smaller 
mononuclear cells or small lymphocytes are also amoeboicf, and can take 
part in the process of emigration, though much less actively than the fore- 
going varieties. These phenomena are fully described in the Oliapter on 
Inflammation {see p. 179). ' 

The presence of Glycogen in the cj’toplasm of neutrophil polymorpho- 
nuclear leucocytes in certain pathological conditions, especially those 
characterised by neutrophil leucoc 3 d}osis, is described on p. 568. 

VARIETIES AND RELATIVE NUMBERS OF THE WHITE CELLS 

In a cubic millimetre of blood drawn from the peripheral circulation,^ 
under normal circumstances, there are present about 8,000 white cells. 
Variations occur in this number both in health and in disease — a subject to 
which special reference will be made in the section on Leucocytosis (p. 598). 

In the following table are enumerated the varieties of leucocytes 
found in the peripheral blood of normal individuals, together with 
their average relative or percentage numbers and their absolute numbers 
per c.mm., calculated from 8,000 as the average total leucocytes per 
c.mm : — 



Varikty of Lkucocytjs. 

Relative 
Numbers 
per cent. 

Absolute Numbers per 
c.mm. (takiiiK 8,000 as 
Average Total). 

i. 

Finely-Granular Ncutroi:)hil Poly- 
morphonuclear Leucocytes . 

60 to 76 

4,800 to 6,000 

ii. 

Coarsely- Granular Eosinophil Leuco- 
cytes ...... 

1 to 2^, 3, 
or even 4 * 

80, 200, 240, or 320 

.iii. 

Lymphocytes (Large and Small) 

25 to 45 

2,000 to 3,600 

iv. 

Large Mononuclear Hyaline Cells 

1 to 3 

80 to 240 

V. I 

Mast-Cells ..... 

under J 

under 40 


* With regard to the number of Eosinophils, see p. 677. 

It will be clear from the above figures that, in considering the meaning 
of pathological variations in a Relative Percentage Leucocyte-Count, these 


i^From work by Andrewes (Croonian Lectures, Lancet^ 1910) and others, it 
app^ra that the distribution of the leucocytes, particularly the polymorphs, is 
by no means uniform throughout the circulating blood in the different organs and 
tissues of the bo<3^* . Thus, f^rt from the bone-marrow, they are found in very 
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must be carefully compared with the Total Leucocyte-Count; and, if 
necessary, the Relative Absolute Numbers of each Variety of Leucocyte 
per c.mm. must be calculated — otherwise a very erroneous impression may 
be given by the figures of the relative percentage count alone. 

A detailed description of the various forms of leticocytes is given in 
the Chapter on Inflammation (see pp. 174 et seq,), but it is convenient 
to repeat this description here. Reference should also» be made to 
Plates IV, V, VI, VII, VIII, XIII, and XV. 

i. Polymorphonuclear Leucocytes. — ^These leucocytes are the com- 
monest variety in the blood, in which fhey constitute abbut seventy per 
cent, of the total leucocytes. They have a nucleus which is divided into 
segments pr lobes, each segment being connected by means of a delicate 
filament of chromatin. The number of these lobes has been observed 
to be increased in certain toxic conditions, and such variations are con- 
sidered by some writers to have a certain diagnostic and prognostic value, 
for example, in tuberculosis.^ Carnegie Dickson has noted great exaggera- 
tion in the coruplexity of the polymorph nucleus under the experimental 
action of snake-venom, whilst thyroid extract also appears to have a 
certain action in this direction. The cytoplasm contains irregularly 
scattered, fine granules which stain faintly with eosin. As has already 
been noted, these leucocytes are actively amoeboid and phagocytic. In 
the process of phagocytosis, they are specially concerned with the destruc- 
tion of bacteria; and, from the fact that they are smaller than the other 
actively phagocytic cells of the blood, viz. the large mononuclear cells, 
they have been termed the microphages by Metchnikoff . In the majority 
of bacterial infections, these cells are increased in number, the condition 
being termed a polymorphonuclear leucocytosis, or — ^from the fact that it 
is usually produced by more or less acute bacterial infections — inflam-* 
matory leucocytosis or ieucocytosis proper. Variations in the number and 
staining-reactions of the granules occur in certain -pathological conditions. 
They may bo scanty in cases where the cells are being rapidly produced, 
e,g, in excessive or prolonged polymorph leucocytosis, myelogenous 
leukflemia, etc. (see p. 610). 

ii. Coarsely Granular Eosinophils.— These cells are usually stated 
to constitute from one to three, or even four, per cent, of the white 
corpuscles of normal blood. In the experience of the authors, the 
average is usually about one to one-and-a-half per cent. When 
stained with eosin, they show in their protoplasm brilliantly-coloured 

large numbers in the spleen-pulp (where they probably undergo destruction when 
effete), and also in large numbers in the lung-capillaries. In the liver, they are 
fairly numerous, less so in the kidney, and, in some organs such as the brain, they 
appear to be comparatively scanty. The facts given by Andrewes are of interest, 
as the study of the phenomena of leucocytosis, etc., clinically, is usually based upon 
the examination of the peripheral bloody only, 

^ 8ee pp. 600-1, for a note on these changes in Leucocytosis, the Ameth- 
Count, etc, 

89 
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pink grannies, which are much larger and more highly refractile^ than 
those in the polymorphonuclear leucocytes. The lobed character of 
the nucleus is not so marked, and it stains less intensely with the basic 
dyes. These cells are very fragile, and readily break down and discharge 
their granules. In Qiertain conditions, especially in diseases due to animal 
parasites, they may be very markedly increased in number {see p. 602). 

The Mononucleated Leucocytes. — ^These cells, as they occur in the 
blood, may be divided thus : — 

iii. Lymphocytes. — These vary in size. Many are comparatively 
small cells —about the size of a red corpuscle or slightly*larger— with a 
relatively large, darkly-staining nucleus, and with very scanty cytoplasm, 
in which a few small basophil granules can usually be seeit- near the 
periphery. Others are larger cells similar to those described, Ihit having 
more abundant cytoplasm (the large lymphocytes), all sizes between the 
typical small, and the typical large, lymphocyte being also found. The 
relative numbers of small and large lymphocytes vary very much in in- 
dividual cases, but the significance of such variations is not yet fully 
understood. These together constitute from about twenty-five to forty-five 
per cent, of the colourless corpuscles of the blood. 

iv. Hyaline Leucocytes^ or Large Mononucleated Cells, are present in 
small numbers in the circulating blood, but are more abundant in certain 
pathological states, e.g, malaria. In their general character, they 
resemble the large lymphocytes, and it is often very difficult to draw any 
absolute distinction between them. They are generally described as 
having an oval or kidney-shaped nucleus which stains less intensely than 
that of the lymphocytes, and cytoplasm which is devoid of granules, This 
distinction, however, cannot be definitely maintained, as intermediate- 
forms are frequently present. Certain observers hold that transition 
forms between the lymphocytes, small and large, and these hyaline 
cells can be seen in the blood, and that one is derived from the other. 
This certainly is not in accord with our observations. In malaria, 
where there is a great increase of the “ hyaline ’’ leucocjdies, the ordinary 
lymphocytes may not be proportionally increased ; and, in other cases, 
where the small lymphocytes are greatly increased in number, there 
need not be any increase in these large mononuclear cells. This would 
certainly suggest that the two kinds are distinct in origin. It is, we think, 
not improbable that some of these large mononuclear cells may originate 
from vascular and lymphatic endothelium. In regard to migration, there 
is now abundant evidence that the lymphoc 3 ^e 8 can migrate. The large 
mononuclear cells shew well-marked amoeboid movements on the warm 
stage, and are able to pass out of the vessels in virtue of this property. 

• V. MasH!ells> about a half per cent, of the leucocytes, are characterised 
by the presence of irregularly scattered, larger and smaller basophil 
granules, or granul^^ trhich shew metachromatic staining. These cells 
are more frequent in s^jme patholc^cal conditions of the blood, e,g. 



DISEASES OF BLOOD AND BLOOD-FORMING ORGANS 679 


myeteid leuksemia. The view that mast-cells are degeneration products of 
other cells has recently gained ground and is probably correct, as, in certain 
exudates, all intermediate stages can ht observed between the ordinary 
polymorph (and perhaps other varieties of cell) and the typical mast-cell. 

Abnormal Forms of White Celb occurring in pathological blood will be 
discussed after the origin of the various blood-cells has been described . 

C. BLOOD-PLATES OR -PLATELETS 

The nature f^nd origin of these bodies are as yet but little understood. 
They are small, rounded or somewhat oVhl, extremely adhesive structures, 
about two or three micro-millimetres in diameter. They do not stain 
well with the ordinary dyes, and are best seen in preparations which are 
rapidly made, and fixed and stained by some modification of the Roman- 
owsky method, e.g. that of Leishman or of Jenner. Wlien so prepared, 
they consist of a clearer, homogeneous peripheral part, with a darker, 
sometimes rather granular, red-staining centre. They are said to be 
composed mainly of nucleo-proteins. Their origin is much disputed, 
some holding that they are of the nature of extrusions from the red 
cells (Ewing, Maximow, Klebs, Arnold, and others) ; whilst some authori- 
ties are of opinion that they are derived from the* nucJci of leucocytes ; 
and others, again, from a study of very carefully stained preparations, 
believe them to be produced by the" giant-cells of the marrow (Homer 
Wright). The older view, now practically discarded, was that they were 
of the nature of precipitation -products in the plasma. They play an 
extremely important part in the formation of thrombi, collecting around, 
and adhering with great readiness to, foreign bodies in the blood-stream, 
or to injured areas on the walls of the blood-vessels or of the heart. They 
are the chief components of vegetations occurring on the heart-valves, * 
and have, owing to these properties, sometimes been tenned thrombocytes. 
They probably contain the thrombokiiiase . which, in the presence of 
calcium salts, converts prothrombin into thrombin or fibrin -ferment. 

The determination of their precise number in the blood is a matter of 
considerable difficulty, but it is probable that, in health, they vary betweeii 
200,000 and 500,000, the average being about 250,000 per cubic mUlimetrc. 
Pathologically, though the recorded results are somewhat contradictory, 
they appear to be increased in numbers after ha)morrhage, in pneumonia, 
in leucoc3rth®mias, and in many anaemic conditions; whilst they are 
diminished, as a rule, in typhoid and many other acute fevers, purpura, 
hsemophilia and in malaria. In pernicious anaemia they are usually, 
though not always, decreased in number. 

ORIGIN AND FORMATION OF BLOOD-CELLS 

The probable part played by the endothelial cells lining vascular 
channels, lymphatics, and serous surfaces, in the formation of large 
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mononucleated ceUs of the blood, is discussed in the Chapter on 
Inflammation (pp. 178 and 183). 

Apart from these cells, however, in extra-uterine life, the majority 
of the formed elements originate in the bone-marrow; but the lymphatic 
glands and the adenoid tissue of the spleen, intestine, omentum, etc., must 
also be regarded as important haemopoietic tissues. 

A short description of the physiology and pathology of these tissues 
is, therefore, necessary at this point. 

I. LYMPHOID TISSUE OF LYMPHATIC GLANDS, SPLEEN, 
INTESTINE, OMENTUM, ETC. 

The histology of lymphoid tissue is sufficiently described m standard 
textbooks on Histology, and a very brief resumi will, therefore, suflice 
for our purpose. Such lymplioid tissue consists of an adenoid reticulum, 
made up, partly of the branching and interlacing processes of its cells, 
and partly of formed connective-tissue fibrils. In the interstices of this 
reticulum, which is richly supplied with blood-vessels, are situated the 
closely-packed lymphoid cells — mostly small lymphocytes with scanty 
protoplasm and relatively large, darkly-staining nuclei. Such lymphoid 
tissue is present in the lymphatic glands, in the sohtary and agminated 
glands of the intestine, in the tonsils, Malpighian bodies of the spleen, and 
in the omentum, mesentery, etc. It is also found in the thymus gland 
before the occurrence of the atrophy by which that gland is more or less 
completely transformed into adijx)se tissue. {See p. 630 and fig. 283 : 
and p. 847.) 

II. BONE-MARROW 1 

It is convenient to describe first the varieties of boue-marrow; then 
to enumerate the different varieties of cell which may be found in the 
tissue ; next to deal with the most important reactions and degenerations 
to which it is liable under pathological conditions ; after which to briefly 
recapitulate the more important of the known functions of the tissue. 

(A) VARIETIES OF BONE-MARROW 

(See Plate XV and Figs. 267 to 280.) 

(!)■ Primitive or Embryonic Marrow. — The medullary cavities of the 
bones are, early in development, filled with a tissue composed of cells, 
mucoid or “ myxomatous” in type, possessing numerous branching and 
interlacing processes. These are, in histological structure and appearance, 
similar to the cjells found in other mucoili tissues in the foetus ; and, in 
this situation, they afterwards develop into the adenoid reticulum or 
connective-tissue framework of the marrow, in the interstices of which 

^ This resumi was originally published by one of the authors (W. E. Carnegie 
Dickson) in International Clinics^ voL ii., seventeenth series, J. B. Lippincott 
Company, 1907, p. 209. It is reproduced here with the kind permission of the 
^Editors and Publishem of that periodical. 
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appear, about the' fourth mon;th of foetal life or a little earlier, the hsmo- 
poiette edlS pn^isr. By the proliferatiou of thet^ is formed the next 
variety of marrow. ' , * 

(2) Red, “ Lymphoid,” or Formative Bone-Marrow proper, in which, 
except during foet^,aud perhaps early infant, life when the liver and spleen 
stiH retain some’ of their primitive hsemopoietic functions, ate dtfveloped all 
the red blood-corpaseles, the majority, if not4iU, of the granular leueoeytes, 
aM possibly also some of the non-granula^ .white cells of iho blood. 

In the infant and young child, this type of marrow is found throughout 
the interior of *thO entire osseous system, but, as age advances, in certain 
situations, especi^J^ within the central parts of the shafts of the long bones, 
the marrow t^ds to undergo a process of physiological “ degradation.” 
the hsemOpoietic cells almost entirely disappearing from lame tracts of 
the tissne, and the space being filled by a development diWat within 
the connective-tissue cells of the adenoid reticulum. {See fig. 277.) 
Usually, howeror, some of the blood-forming cells remain towards .^the 
. periphery of the slllft, and also more especially towards the ends of the 
long b(Mies, a ^int of extreme importance, as will be seen later, from the 
fact that it is from these positions that proliferation may again take place 
should there be any special demand for increased production of blood-cells. 
In the short, flat and irregular bones, especially in the sternum, ribs, 
vertebrae, and cranial bon®s, the red marrow undergoes a much less 
degree of this fatty change ; though, even in these situations, there is a 
progressive increase in its amount, which may become very considerable 
in advanced age and in some pathological conditions. There is, therefore, in 
the red, as well as in the fatty, marrow, a potentiality for the proliferation 
of theblood-formingelements,and for acorresponding diminutionorabsorp- 
tion of the fat-cells, should there be a necessity for increased ouljput of the 
blood-cells formed in the marrow {see Plate XV, and figs. 269 to 279). 

(3) Yellow or Fatty Marrow. — ^This variety of marrow is found as 
age advances, more especially in the central parts of the shafts of the long 
bones, as above described, the fat being developed within the cells of the 
adenoid reticulum. These areas of fatty marrow form a most important 
“ potential area ” in which the development of blood-forming cells can 
be iparried on, should there be any special call for these cells to combat the 
attack of disease, or to replace cells destroyed by its action, for example, in 
many of the acute and chronic diseases characterised by leucocytosis, ojr.by 
anaemia. Any factors interfering with this reaction, e.g. chronic degenera- 
tite conditions of the marrow such" as may be found in syphilis, chronic 
alcoholism, lead-poisoning, malignant disease, the prolonged action of X- 
rays, etc., may lOJS^ to a rapidly fatal issue if a patient so affected contracts 
ma acute febrile disSaSe such as pneumonia. Two of the most important 
of such d^netariye conditions of the marrow may n^ be des^bed, 

(4) Fibroid and Sblerotie |lmtow.— In old persons,* or earlier in life 
under certain pathological conditions, and more especially in syphilis, 




Fig. 207. — Transverso Section of Marrow of Foinurfroni a case of carcinonia of the intoNtiiio, 
.sliewing tho more usually described variety of gelatinous ilegoneration, a chronic 
condition supervening in old -standing disease, especially associated with cachexias 
and states of inanition, and often occurring after prolonged loucoblastic or other 
excessive forms of marrow -activity. 

The “ gelatinous " material is formed by transformation of tho fat-cells and roti- 
culuin, with progressive disappearance of the hopmopoietic tissue. x46. 



Fig. 268. — ^Transverse Section of Marrow of Femur from a case of ulcerative endocarditis 
of three weeks" duration, shewing high-power view of the more acute form of 
gelatinous degeneration. The fat is undergoing absorption, the cytoplasm of the 
" fat-eells showing mucoid degeneration. Blood-forming cells are entirely absent. 
X200. 
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the connective-tissue elements may be found proliferating at the expense 
of the more highly endowed, and therefore more delicate and more easily 
destroyed, functioning cells of the part.. This change may be due to the 
direct action of some toxic substances, as well as to diminished nutrition 
from vascular and other derangements. Ossification, partial or complete, 
may supervene, and the bones may become unduly dense, as in syphilis; 
whilst, in other cases, the bony tissue may become partially absorbed and 
unduly porous {see under Diseases of Bone^ p, 1031). 

(5) Gelatinous Marrow. — This is an important degenerative change, 
which may supervene in old age, and esj)ecially in cases of chronic debili- 
tating disease accompanied by anaemia, such as cancer, phthisis, etc., 
or in starvation {see fig, 267). It may also occur very rapidly 
in acute diseases such as ulcerative ejidocarditis, pneumonia, puerperal 
and other forms of septicaemia, diphtheria, etc., where the organisms or 
their toxins possess a high degree of virulence {see fig. 268). 

Gelatinous degeneration may attack both yellow and red marrow, 
and seems specially liable to be found when they have previously under- 
gone prolonged Icucoblastic transformation and wlien^. the proliferative 
changes have not been kept up, i. e, in exhaustion supervening in an over- 
active marrow in which the strain cannot be maintained {see Plate XV, 
fig. 6). It is important also to bear in mind that the condition can be 
brought about artificially by certain drugs, which, at first, when given in 
small therapeutic doses, may stimulate the hsemopoietic functions of the 
marrow, e.g, arsernic, lead, mercury, etc.; but the prolonged application 
or excessive doses of which may bring about profound gelatinous 
degeneration, accompanied by complete disappearance of the blood- 
forming cells from large tracts of marrow-tissue. 

(B) VARIETIES OF CELL FOUND IN THE MARROW 

Only a bare enumeration of the cells found in the marrow is possible 
in a short rmme of the subject such as this-.^ In film-preparations and 
in sections of red or blood-forming bone-marrow, the following varieties 
of cells may be distinguished {see Plate XVI, figs. 3 and 4) 

I. BLOOD-FORMING CELLS. 

A. LEUCOCYTE-SERIES 

(a) Non-granular cells with basophilic protoplasm ; — 

1. Large. 

2. Small. 

i. Cells similar to, but smaller than, the large variety. 

. ii. Cells identical with the small lymphocytes of the blood in 
appearance and in staining reactions. 

^ For a more detailed account of these, see “ The Bone-Marrow : A Cytological 
Study forming an Introduction to the Normal and Pathological Histology of the 
Tissue, more especially with regard to Blood-Formation, Blood-Destructioh, etc.,” 
by W. E. Carnegie' Dickson. Longmans, Green & Co., London, 1908. From this 
monograph, Plate XV, and figs. 267 to 280 are taken. 
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{b) Granular cells 

1. Neutrophil (corresponding to amphophil in the rabbit) : — 

i. Myelocytes, with largfe, rounded or oval nucleus. 

(a) Larger variety. 

(b) Smaller variety. 

ii. Intermediate cells, with indented or horseshoe-shaped nucleus. 

iii. Polymorphonuclear cells, or fully-developed leucocytes. 

(These cells form a complete developmental series of cells gradually 

merging into one another, see p. 600.) 

2. Eosinophil 

i. Myelocytes. 

ii. Intermediate cells. 

iii. Polymorphonuclear cells or leucocytes. 

3. Basophil 

(a) Mast-cells. 

i. Myelocytes. 

ii. Intermediate cells. 

iii. Polymorphonuclear cells. 

(b) Cells resembling the eosinophil myelocytes but with granul- 

ations staining with the basic dye. 

B. HEMOGLOBIN-HOLDING SERIES ; - 

1. Normoblasts, developing into normocytes or ordinary red blood- 

corpuscles. 

2. Megaloblasts, normally giving rise, in the fcBtus, to normoblasts, 

or, under certain pathological circumstances, e,ff. in pernicious 
anaemia, producing Megalocytes (see p. 620). 

3. Gigantoblasts, developing into Gigantocytes, these being merely 

very large forms of the preceding variety of cell, found especially 
in pernicious anseniia (p. 620). 

II. GIANT-CELLS: 

1. Mononucleated.— Megakaryocytes, with single, highly complex, 

basket-]ike nucleus. 

2. Multinucleated.— Polykaryocytes, e. jr. osteoclasts, etc. 

III. CELLS OF CONNECTIVE-TISSUE TYPE. 

1. Fat-Cells. 

2. Cells of the Adenoid Reticplum. 

3. Various forms of Phagocytic Cell ^pigmented cells, etc.). 

4. Ordinary Connective-Tissue Cells passing in with blood-vessels; etc. 

IV. ENDOTHELIAL tJELLS. 

(Lining the walls of capillaries, blood-sinuses, etc.) 

1. Found in thek normal positions in the vessel-walls. 

2. Found prolHeratthg, taking on pfeagocytic functions, etc. ^ 
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Fig. 269. — Transverse Section of Bone-Marrow from Femur of healthy Rabbit, showing 
the average normal proportions of fatty and cellular ‘tissue. Note central venous 
sinus, a tmn- walled vascular space, into which run venous- capillary channels which 
pass in radially from the periphery towards the centre of the marrow. (Cf. 
6g. 270, in which these vascular spaces are congested, and therefore shew more clearly.) 
X45. 



Fig. 270. — ^Transverse Section of Bone-Marrow from Femur of Babbit inoculated with pus 
from pneumococcal empyema (death in 18 hours), shewing congestion of central venous 
sinus and tributary venous-capillary chaimols. The medullary artery and some 
of its branches are also seen in the section. The fat is already slightly diminished, 
but little proliferation of the hssmopoietio cells has yet had time to occur, x 45. 
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Fia. 271. — Trails verso Soction of Bone-Marrow from Femur of Rabbit, in oim la ted with 
diphtheria toxin (5 M.L.D.) (death in 33 hours), showing very iutenso congestion 
of the two main tributaries of the central venous ‘sinus and venous-capillaiy channels. 
U'he amount of fat is now greatly diminished, and there is marked proliferation of 
the blood-forming tissue, corresponding to the leucocytosis observed clinically, x 45. 



Fja, 2[72,— Transverse Section of JSone-Marrow from Femur of Rabbit, inoculated with 
sputum from case of pneumonia containing Pneumococci of diminished virulence 
(d^th in 10 days), shewing complete leucoblastic transformation, with total dis- 
appearance of the fat-cells* x45. 
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Fig. 273. — Section of normal Ri])-Marrow from the human subject, sliewing 
relative amounts of fatty and blood-forming tissue, x 45. 



Fig. 274. — Section of human Rib-Marrow from a case of rheumatic pericarditis with leuco- 
oytosis, shewing comparatively complete leucoblastic transformation, combine<f 
(as could be determined when examined under a higher magnification) with a con- 
siderable degree of erythroblastic change, corresponding to a certain degree of anesmiaf 
Note the few scattered fat-oells of smiHl size stiU remaining, x 46. 
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Fio. 276. — Section of human Rib-Marrow from a case of chronic 8 oi>tic 0 L‘inia, shewing 
" almost complete disappearance of fat-cells, tinder a higher magnification the change 
is largely erythroblastic, this condition having supervened upon a long-standing 
loucobiastic reaction with exhaustion of the marrow, and ansomia. X 46. 
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Fig. 277. — Tranavorse Section of Bone-Marrow of human Femur to shew normal appear- 
ance of yellow marrow in centre of a long bone. Note the almost complete; 
abaenco of blood-forming cells — only a few amall groups being seen, x 45. 



Fiq. 278.— similar seotion of the Marrow of the Femur from a case of streptococcal 
eeptiossmia to illustrate leucoblastio change spreading in from the periphery, llie 
central venous sinus and the accompanying medullaiy artery are seen towards the 
upper part of the section, x 45. ^ 
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Fjg. 279. — A m'milaf section of the Marrow of the Femur from a case of chronic 
staphylococcal abscesses of six months’ duration, the fatty marrow being com- 
pletely transformed into active blood -f.orming tissue, x 45. 



Fio. 280* — ^iiansvors© Section of Marrow of Femur from a case of pneumonia with leuco- 
penia, to show defective leucoblastio reaction. The cellular areas seen are largely' 
; : ; &igorg^ capillaries with veiy little leucoblastio dhange. x45. 

^ — — , — 

267 to 280 nre torro^ved from Carnegie Dickson’s *'The Bone-Marrow; 
CJ^wgioal Study,” liongmans, Green & Co., London, 1908.] 
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(C) REACTIONS OF THE BONE-MARROW IN DISEASE 

{See Plate XV, figs. 269 to 280.) ‘ 

In many diseajged conditions, rapid proliferative changes may occur 
both in the red, and in the yellow, marrow, and, according as the change 
is characterised by the increased production of red, or of white, blood-cells, 
the process may be described as being either erythroblastic ordeucoblastic in 
type. In heiilth, there is, in the marrow, a normal balance between these 
two processes ; and, usually, when the tissue is first stimulated to prolifer- 
ate, there is increased production of all'varieties of marrow-formed blood- 
cells. Soon, however, in most cases, the tissue is found to produce more 
particularly the variety of cell for which there is special demand, and the 
reaction beffcomes either leuco- or erythro-blastic in type, though, in some 
cases, both changes may occur simultaneously in the same marrow. A 
very common sequence of events which may be found in certain chronic 
septicaemias and other^ diseases is, first of all, with the occurrence of a 
-polymorphonuclear leucocytosis, a slight transitory increase in the number 
of red cells in the peripheral blood. Then, if the leucocytosis has to be 
kept up for a prolonged period, the reds become progressively diminished 
in numbers. If the marrow be examined, corresponding phen'omena 
will be found occurring, i, e, the leucoblastic will now predominate over, 
and obscure, the er 3 rthroblastic type of reaction; and, if the leucocytosis 
has to be maintained for a still longer period, degenerative changes may 
occur in the leucoblastic marrow, and a progressive aneemia, characterised 
by transformation to the erythroblastic type of reaction, may supervene. 
Then, as the aneemia becomes more profound, this too may pass off as 
exhaustion of the marrow supervenes, and the blood-forming tissue may 
undergo gelatinous degeneration. 

LEUCOBLASTIC MARROWS. — Corresponding roughly with the 
different types of leucocytosis observed clinically, we may subdivide the 
leucoblastic changes found in the marrow into four groups, several of these 
being often more or less combined in any given case 

(1) Neutrophil leucoblastic reaction {see Plate XV, figs.' 3, 4 and 5). 
This type is found especially in connection with the establishment of an 
inflammatory leucocytosis, e. an increased production of the neutrophil 
series of cells, a condition found in the majority of acute infective diseases, 
whether these be local {e,g. inflammation, abscess-formation, etc., due to 
the presence of Siaphylo- and Strepto-cocci, B, col% and many other micro- 
organisms), or more general conditions, such as pneumonia, the septiceemias, 
etc. The results produced in the marrow are practically identical in both 
sets of cases, differing rather because of the intensity, quality, and amount of 
the irritant, than on account of its special point of attack and distribution 
in the body. This leucoblastic reaction is, of course, naturally most 
readily produced in the red marrow {see figs. 274 and 276), and shews as 
an increased proliferation of the special variety of hsemopoietic cell 
40 
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required — ^in this case the neutrophil myelocytes. But, if further demands 
are made upon the tissue, the change spreads into the fatty or yellow 
marrow in the shafts of the long bones and elsewhere {see figs.278 and 279) ; 
* and, in these situations, all degrees of the reaction may be observed, up 
to complete transformation to fully formed red marrow. In the case of 
the long bones, this transformation is found to spread into the fatty 
marrow from the periphery and ends of the shaft, i, e. from the situations 
in which the hsemopoietic cells have not completely disappeared as the 
physiological degradation of the marrow to f^tty tissue occurs. Any 
pathological conditions preventing this leucoblastic reacfion on the part 
of the marrow, e.g, the presence of fibroid or gelatinous degeneration 
{see figs. 267 and 2G8), may determine a rapidly fatal issue in a case, 
say, of pneumonia, diphtheria, etc. ; and such cases may thu^be charac- 
terised clinically by the absence of leucocytosis (aleuooeytosis), or even 
by hypoleucocytosis or leucopenia, t. e. diminution of the leucocyte-count 
{see p, 601 and 603). 

(2) Eosinophil leucoblastic reaction. — Characterised by special increase 
of the eosinophil granular cells. 

(3) Basophil leucoblastic reaction. — ^Characterised by special prolifera- 
tion of the basophil granular cells (mast-cells), a condition found, along 
with other changes, particularly in myelogenous leukaemia, and in certain 
nutritional disorders. 

(4) Hyaline leucoblastic reaction. — Characterised by an increase in 
the numbers of the pre-myelocytes or myeloblasts, i. e, large basophil 
non-granular cells from which the granular series are developed. This 
type of reaction is specially found in marrows from cases of prolonged 
leucocytosis, e, g. in chronic septicaemias or pysemias, malignant disease, 
etc,, and, in its most extreme form, is observed in cases of so-called acute 
“ lymphatic leukaemia. 

ERYTHROBLASTIC or RED BLOOD-CELL-FORMING MARROWS 

may be subdivided into two main types : — 

(1) Normoblastic — i. e. marrows in which normoblasts or normal 
nucleated red cells are found in excess, e. g. after haemorrhage, and in most 
secondary anaemias, where the tissue endeavours to compensate for the 
deficiency in the number of the red corpuscles of the blood. ISie fact 
has already been noted that this change may also supervene^n leuqpblastic 
marrows which have become exhausted. 

(2) Megaloblastic— where a more primitive type of red cell-formation 
is developed. Megaloblasts — or nucleated red cells of abnormally large 
size,^ and possessing nuclei of more primitive type — are increased in 
number in the marrow in various diseases, both acute and chronic. They 
are usually present only in small numbers, although in some cases of exoph- 
thalmic goitre, malignant disease, tuberculous disease, many acute and 

^ Note.— For the classification of these cells, the primitive ’ character of the 
nucleus is of much greater signiheanoe than the mere size of the cell. 
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t'la. 1. — Blood-Film from a case o/ Pernicious Anosmia (8taino(f with eosin and methylene- 
bluo). X500 

a. — Polymorphonuclear leucocyte. 

6.6:^Normocyto8. 

c.d. — Various erythrocytes shewing poly chroma tophilia, or diffuse basophilia, 

d. — Normocyte shewing punctate basophilia. , ' 

^ c. — NormoblekSt. 

" /. — Normoblast showing ^caryorrhexis Nucleated red corpuscles, more or 

less intermediate between normo- and mcgalo- blasts, also shewing kaiyo* 
rrhexis. 

g, — Normoblast shewing punctate basophilia. 

h. — Mogalocyte. * 

*.-*-Megaloblast. 

j. — Megaloblast shewing karyorrhoxis. 

k. — Megaloblast shewing punctate basophilia. 

>4, LL — Microcytes (some probably formed by fragmentation of larger cells). 
m*m. — Poikilocytes. 

• 

Fig. 2. — Blood-Film from a case of Chlorosis (stained with Loishraan's stain). The red 
cells are poor in haemoglobin, and shew pallor of their centres. X 600 

а. — Polymorphonuclear leucocyte. 

б. — Lymphocyte. 

c. — ^Normoblast. 

d. — Blood-platolots. 


Fig. 3. — Bone-Marrow Film {Rih) from a case of Pneumococcal Empyema^ shewing Leuco- 
hlastic Reaction (stained with eosin and methylene- blue). X600 

o.a. — Adult polymorphonuclear neutrophil leucocytes. 
h.h . — Immature polymorphonuclear neutrophil leucocytes. 

C.C, — Intermediate neutrophil myelocytes. 

d. d .' — Neutrophil myelocytes. 

Neutrophil myelocytes shewing stages of karyokinesis. 

e. €, — ^Non -granular cells, possibly pre-myelocytes, /. e. parent-cells of the granular 

myelocytes. 

/. — Coarsely-granular polymorphonuclear eosinophil leucocyte. 
g,g. — Coarsely -granular eosinophil myelocytes. 
hX — Smifrll Ivmphocyte-like colls. 
iJ, — Notmoblasts. 


Fig. 4. — Bom-Marrow Film {Femur) from a case of Pernicious Anosmia, shewing an 
Erythsroblastic Reaction of Megaloblastic type (stained with eosin and 
methylene -blue). X 600 

a.a . — ^Neutrophil myelocytes. 

6. — Coarsely-granular polymorphonuclear eosinophil leucocyte. 

e.c.^Coarsely-granular eosinophil myelocytes. 

d. d.— Normocytes, , 

e. e. — ^Normoblasts shewi^ kaiyolysis, karyorrhexis, poikilocytosisf etc, 

/./, — ^Megaloblasts shewing similar chanuem (note that all 4ransitions are found 
between normoblasts and megaloblasts ; hence there is often difiSculty in 
classifying individual cells). 

g, — ^Iki^aloblast with typical ’‘primitive'* type of nucleus. - 
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chronic septic condition)^, typhoid fever, etc., they ha»ve been observed 
with comparative frequency, . and sometimes large- numbers.^ The 
most extreme degree of megaloblastic transformation, however, is seen in 
cases of pernicious ansemia {see Plate XVI, fig. 4), a^d in certain secondary 
anaemias closely allied to it, notably in those due to the presence of 
Dibolhriocephalm laius, Ankylosioma duodenale and other intestinal 
parasites, and also in myelogenous leukaemia. 

In the a))lastic anasmias, which may be congenital or acquired^ the 
erythroblastic power of the marrow is diminished or lost. Prolonged 
exposure to the "more penetrating varieties of X-rays may bring about 
this condition. 

* (D) FUNCTIONS OF THE BONE-MARROW 

These may be briefly summarised as follows : — 

(1) Hsemopoietic Functions. 

(а) Erythroblastic.— The formation of red blood-cells. 

(б) Leucoblastic. — The formation of w^hite blood-cells, especially 
those of the granular series. 

A normal balance between these two processes is maintained in health ; 
whilst, in disease, there is a latent capacity for the increased production 
of any or all of the blood-cells to meet the increased demand for them, 
whether this be due to the necessity of replacing cells destroyed by the 
disease, as in the anaemias, or to the fact that more blood-cells are required 
to combat the attack of the invading bacterial or other pathogenetic 
agent, as is seen in the various inflammatory and suppurative conditions — 
the fatty marrow forming an important potential additional area for the 
production of this reaction in the marrow. 

(2) Blood-Destruction, Phagocytosis, etc. ^ 

The marrow, like the liver and spleen, constitixt-es a very important 
haemolytic area, and this function is greatly increased in most of the acute 
and chronic toxic diseases, e,g, the acute infective fevers, septicaemias, 
malaria, etc.; the anfemias, especially the pernicious forms'; and the 
“cachexias,” especially malignant disease, etc. (See Plates III,, fig. 2, 
and XIV, fig. 4.) 

Phagocytosis of pathogenetic organisms also occurs to a considerable 
degree in many diseases, the marrow appearing to be specially liable to 
the presence of micro-organisms; and, as in the case of the spleen in 
many diseases, pure cultures of these may frequently be obtained from 
this tissue, c. g, in pneumonias, streptococcal and other septicssmias, etc. 
Some blood- and other parasites pass certain stages of their development 
in the bone-marrow, and endothelial and other forms of phagocytic cells 
may be found containing englobed parasites or their remains, e.jr. in 
malaria, trj^panosomiasis, etc. 

^ Carnegie Dickson, toe, dt, p. 62. 
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(3) Formation, Nutrition, and Absorption of Bone.— These functions 
are of great importance, but, for the details of such processes, reference 
must be made to special physiological works upon this subject. Under 
certain pathological conditions, very rapid absorption of bone may occur, 
e, g, in the enlargement of the medullary cavity, to allow of greater scope 
for the proliferation and expansion of the contained marrow, a process 
which may, in some cases, take place with great rapidity. The 
probability that many conditions which have previously been regarded 
as primary diseases of bone, e.g. osteomalacia, “osteoporosis,” osteitis 
deformans, and analogous conditions, may, upon further investigation, 
be found to come under this category, must be borne in mind ; whilst a 
somewhat similar absorption of bone is seen in pernicious anaemia. 

(4) Functions in Relation to General Nutrition and Especially with 
regard to Metabolism of Fat. — Fatty or yellow marrow is very richly 
supplied with blood-vessels; and, in fevers, etc., the fat may be very 
rapidly absorbed from the tissue, which thus acts as a store-house for 
this substance. It is also possible that the red marrow, like many of the 
other glandular organs in the body, may give rise to an internal secretion 
of importance to general nutrition and metabolism ; but, owing to the 
impossibility of experimentally eliminating the action of the tissue on 
account of its wide anatomical distribution, it is as yet difficult to prove 
the truth of this supposition. 

LEUCOCYTOSIS 

A well-marked increase in the number of leucocytes is — except in 
the case of certain so-called “ blood-diseases ” such as the leucocythsemias 
— ^termed a leucocytosis. The normal number of white cells in the peri- 
pheral blood is about 8,000 per cubic millimetre. A definite increase, 
say up to 11,000 or 12,000, occurs in some physiological, and in many patho- 
logical, conditions, and, in the latter, a count of 15,000, 20,000, or 25,000 
per c.mm. may also frequently be obtained; whilst, in exceptional 
circumstances, it may rise even to 60,000 or 70,000, or more. Many 
modem writers are inclined to regard even the leucocythsemias as merely 
very excessive and perverted forms of leucocytosis due to some unlaiown 
toxic agent — ^though others regard them as analogous to, or even actually, 
a diffuse neoplastic change in the blood-forming organs and tissues. 

CLINICAL VARIETIES OF LEUCOCYTOSIS.— These may be divided 
into those which are respectively physiological experimental and thera- 
peutic, and pathological. In the first of these categories comes the leuco- 
cytosis of digestion^ which does not usually exceed about 15,000 white 
cells per c.mm., the lymphocytes being specially increased : the leucocytosis 
of the new-born infant, which may be from 14,000 to 20,000 or more : 
' the leucocytosis of pregnancy (11,000 to 13,000), and that following partu- 
rition (10,000 to 12,000) : and the leucocytoses foilowing violent exercise, 
the use of cold baths, etc. 
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Certain experimental and therapeutic measures may lead to the pro- 
duction of leucocytosis : for example, the exhibition of drugs and chemicals 
such as the salicylates, potassium chlorate, phenacetin, or the inhalation 
of chloroform. Similarly, a considerable increase of leucocytes may 
occur after the administration of certain animal extracts, etc., for 
example of the thyroid gland and bone-marrow, and more especially 
after the use of nucleic acid, a substance which has beeil employed for 
the artificial production of leucoc3rtosis. In surgical practice, a post- 
operative rise is very frequently observed, even in aseptic cases. The 
leucocytosis produced by therapeutic inoculation with certain bacterial 
cultures and toxins is identical in its nature with the same conditions 
produced by disease, and, therefore, calls for no further comment here. 
In a series of cases of streptococcal infections (in three of which the 
streptococci were obtained by blood-culture), which were characterised 
by leucopenia in place of the usual leucocytosis, Carnegie Dickson has 
observed that a therapeutic leucocytosis may be rapidly stimulated 
Artificially by the intravenous injection of horse-serum, usually accom- 
panied by a corresponding improvement in the patient’s condition. 

LEUCOCYTOSIS PRODUCED BY DISEASE.— The most important 
variety of leucocytosis due to this cause is that seen in the majority ot 
inflammatory and toxic diseases. An increase of the white cells — more 
especially of the polymorphonuclear cells — occurs in most of the acute 
Infective diseases^ notably in pneumonia, acute rheumatism, and diph- 
theria. Exceptions to this general rule arc found in the case of typhoid 
fever, influenza, measles, and also in tuberculosis ; and, if a polymorpho- 
nuclear leucocytosis is discovered in patients suffering from these diseases, 
the presence of some complication such as pneumonia, suppuration, or . 
other inflammatory condition, is to be suspected. 

Inflammatory and toxic leucoc)d;osis is found, not only when the disease 
is a general one, but also when the lesion is localised, for example, in local 
inflammatory and suppurative conditions such as abscess, appendicitis, 
etc., and its occurrence is of great value in the diagnosis of these conditions. 

A rise in the leucocyte-count may also occur in certain parasitic — 
and probably at the same time toxic— diseases. In these, the increase 
may specially affect varieties of white cell other than the common or 
polymorphonuclear leucocytes. Thus, in many parasitic intestinal and 
skin diseases, there may be a marked rise in the eosi/iophil cells ; in malaria, 
the large hyahne mononuclear cells are increased — and so on. 

Leucocytosis may also occur in poisoning with coal-gas, quinine, 
chronic lead-poisoning, etc.; whilst the increase observed in cases of 
ptomaine-poisoning is analogous to the condition produced by infective 
bacterial and other organismal toxins — the ptomaines being produced 
outside the body by bacterial decomposition in food, etc. 

Post-hsemorrha^c Leucocytosis is a well-recognised phenomenon. 
Loss of blood stimulates the general hsemopoietic activities of the bone-. 
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marrow, and leads, at first, to increased production both of red and of. 
white cells, i, e. both types of blood-cells produced by the tissue. Later, 
the marrow adjusts its output to the particular circumstances of the case ; 
and the special type of change required — ^in this instance mainly an 
erythroblastic one — ^is established, in order to replace the red cells lost 
by the haemorrhage. 

The term “ cachectic leucocytosis ” is not a very fortunate one. It 
Jmphes that a rise in the leucocyte-count is found in«inany chronic wasting 
diseases; but these do not form a very definite group, and, in many 
such cases, the leucocytosis is probably due to some supSradded chronic 
toxaemia, or to local inflammatory processes, etc. Tjeucocytosis is de- 
scribed by many authorities as occurring in cases of malignant disease in 
general, but it is not a constant phenomenon in these (see p.*623), and, 
when present, is usually rather to be regarded as an indication of some 
secondary phenomenon such as necrosis, ulceration, and bacterial infection. 
In many so-called cachectic diseases, the occurrence of leucocytosis is 
rare, or it does not take place at all, for example, in tertiary syphilis, 
tuberculosis, chronic nephritis, etc. Any marked increase of leucocytes 
in such cases suggests the presence of some such complication as local 
inflammation, suppuration, necrosis, or haemorrhage. 

Terminal or Ante-mortem Leucocytosis. — Sometimes, a very marked 
increase of white cells in the peripheral circulation occurs in patients who 
are moribund. In soijiLe instances, this may be due to the presence of 
terminal bacterial infection ; but a remarkable tendency of the polymorpho- 
nuclear cells to leave the marrow at or just before death has been observed 
by several writers, and no doubt accounts for the increase, in many cases, 
of these cells in .the blood at this period. 

CYTOLOGICAL TYPES OF LEUCOCYTOSIS :~ 

1. NEUTROPHIL, POLYMORPHONUCLEAR or COMMON LEUCO- 
CYTOSIS (see Plate XIV, fig. 2).^In the great majority of inflammatory 
and allied diseases, it is especially the cells of the finely-granular neutro- 
phil series that are increased. The cells of this series found in the blood in 
such cases may not be, and, in fact, most commonly are not, entirely 
confined to the adult or fully-developed polymorphonuclear members of 
the neutrophil group — ^though, as a rule, these cells specially ^predominate. 
The immature intermediate cells of the series, and even the parent- , 
myelocytes thefnselv<^s, may occur in considerable numbers; and the. 
condition present is, therefore, most accurately described as a neutrophil 
leucocytosis. Theliumber of these cells, and also their degree ot develop- 
ment or maturity, depend upon various factors, more especially upon 
the* nature, quality, intensity, and duration of application of the causal 
irritant, and also uj)on the age and vitality of the patient, and the healthy 
condition or otherwise of the hsemopoietic tissue of the bone-marrow. 
It is largely upon these phenomena that the so-called Arneth-Count is 
based, particular attention having been directed by Ameth to the enum- 
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juration of the number of lobes in, and other characters of, the nuclei 
of the polymorphs. These lobes are reduced in number in the more 
immature cells of the series, and vice-%\eTsa {see also p. 577). 

Certain irritants appear to have the capacity of attracting leucocytes 
towards them, this phenoniencMi being termed positive chemiotaxis; 'whilst 
others do not possess this power. {See also under Immunity, p. 746.) 
In positive chemiotaxis, the leucocytes are attracted towards the seat of 
irritation, and may puss from the vessels in large numbers. In order to 
meet the increased demand for such cells, greater numbers pass from the 
marrow into the blood; and, if the demand be sufficient in intensity and 
duration, the blood-forming tissue of the marrow proliferates to supply 
it, as has already been described on p. 593. It has also been noted that 
the occurrence of this leucoblastic reaction of the bone-marrow may be 
prevented by previous degeneration or exhaustion of the tissue by such 
conditions as syphilis, alcoholism, etc. In these cases — the capacity for 
responding to the increased call being diminished or lost — the supply of 
•leucocytes may be even less than normal. Absence of any increase is 
termed aleucoeytosis; whilst an actual diminution in the normal leuco- 
cyte-count is known as hypoleucocytosis, or leucopenia~-these conditions 
being not infrequently seen in pneumonia occurring in alcoholic subjects 
—pneumonia with leucopenia, a very serious disease which usually leads 
to a rapidly fatal issue {see also pp. 594 and 603) : or in profound infections. 

Where the demand is moderate and the patient has been previously 
in good health, the leucocyte-count may nuniber, say, 10,000, 12,000, or 

14.000. A more serious call, especially if the patient’s resistance is some- 
what lowered, may lead to an increase to 18,000 or 20,000; whilst in 
severe cases, say of appendicitis or of pneumonia, the count may be, 

25.000, 30,000, or 40,000. In cases w^here the resistance has been lowered 
by previous disease or other cause, the leucocytes may reach the number 
of 60,000 or 70,000, or even more. Thus, m the most serious cases — 
those of severe disease in debilitated subjects — the reaction may either 
be deficient or absent, or it may be excessive in amount.^ 

In the milder forms of leucocytosis> the increase is almost entirely one 
involving the mature or fully-developed polymorphonuclear neutrophil cells^ 
though a certain number of slightly immature forms are found . When the 
call is more severe, many immature polymorphs, and perhaps some 
intermediate myelocytes with horseshoe-shaped nuclei, appear in the 
blood ; • wliilst in very severe cases, e. g. of pneumonia, it is by no means 
uncommon to find a number of neutrophil myelocytes — sometimes as 
many as 10 per cent, or more, at or near the crisis in this disease. Large 
humbers of myelocytes are found in the blood of smallpox cases ; and in 
serious or fatal cases of diphtheria in children, the occurrence of as many 
as 16 per cent, has been recorded. The presence of neutrophil myelocytes 

1 Note. — In acute lobar pneumonia, prognosis is usually bad with a leuoocytosis 
of under 10,000 ; the mortality is least when the count is between 20,000 and 30,000 ; 
and again higher between 30,000 and 60,000 and upwards — ^though recoveries have 
been reported with even 96,000 and 105,000 leucocytes per c.mm. , , ^ 
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is also described in many of the ansemias, both primary and secondary, 
and in some cases of ursemia, acute mania, diabetic coma, exophthalmic 
goitre, etc. (See also pp. 577 and 600.) 

2. LYMPHOCYTOSIS, or relative increase of the lymphocytes, occurs 
very readily in infancy and in childhood, the lymphoid tissue being 
specially active during the earlier periods of life. An increase in the 
number of lymphocytes is usually present in whooping-cough, rickets, and 
congenital syphilis; and may also be found in tuberculosis, in which con- 
dition, however, it is not constant, nor docs the number of such cells in 
the blood appear to have any particular relation to the number of so-called 
lymphocytes in the exudates, e.g. in pleuritic effusion, in this disease. 
The subject of the increase of lymphocytes or lymphocyte-like cells in 
leukaemia and in some sarcomatous tumours of lymphatic glands is dealt 
with in the sections on these diseases (pp. 610 and 611). 

3. LARGE MONOCYTOSIS, or INCREASE OF LARGE HYALINE 
MONONUCLEAR CELLS. — These may be relatively increased in numbers 
in some diseases, notably in malaria, in which they are specially concerned 
in the phagocytosis of the parasites, and are frequently observed to 
contain pigment derived from these (see Plate XIV, fig. 1). An increase 
of these cells has also been noted in cases of sympathetic optic neuritis. 

4. EOSINOPHILIA. — ^As a general rule, the number of eosinophils 
in the circulating blood is diminished in most inflammatory and septi- 
csemic diseases. Thus, in pneumonia, they are cither extremely scanty, 
or they may entirely disappear during the course of the fever, their re- 
appearance at or after the crisis being usually regarded as a favourable 
phenomenon. In certain diseases, however, eosinophilia or an increase 
of these cells may occur, cither relatively, or as part of a general increase 
in the number of white cells. Apart from myelogenous leukaemia, in which 
a marked degree of relative eosinophilia occurs, these cells may be very 
greatly increased in certain parasitic diseases, for example in trichinosis, 
and infection with some intestinal worms, such as Ankylosloma, some 
of the tapeworms, Oxyuris, Ascaris lumbriooides, and others. Eosino- 
philia is also seen, sometimes to a remarkable degree, in many skin- 
diseases, e,g, pemphigus, eczema, scleroderma, psoriasis, urticaria, etc., and 
in syphilitic cases exhibiting special skin-lesions. A peculiar exception to 
the general rule that the eosinophil leucocytes tend to be diminished in 
numbers during febrile leucocytosis is seen in the case^ of scarlet fever, 
perhaps from the extensive implication of the skin in this disease. In 
some lung-diseases, notably in bronchial asthma, these cells may be con- 
siderably increased in the blood, and are also found in large numbers in 
the sputum. The occurrence of eosinophils in various exudates is 
described in the Chapter on Inflammation (pp. 176 to 179), and, in this 
connection, it is noteworthy that such local infiltrations with eosinophils, 
sometimes “massive in degree, maybe associated with their diminution 
in, or perhaps even complete disappearance from, the peripheral blood. 
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No very definite ratio between the number of the eosinophils in the 
blood and in the bone-marrow — ^in which tissue they are, in part at all 
events, produced — ^has as yet been m^de out. Thus, in some cases of 
pneumonia, where they have entirely disappeared from the circulating 
blood, they may be diminished, unchanged, or even increased in number in 
the marrow.^ 

6. INCREASE OP MAST-CELLS.— The significance erf these cells is 
not yet known. The only condition in which they arc specially increased 
is myelogenous leukaemia. Slight increase in their numbers from time 
to time in the blood, in a series of cases of acromegaly, has been observed 
by one of the authors. 

MIXED LEDCOCYTOSIS.— In many cases, several varieties of cells 
may be found in increased numbers in the blood. 

NOTE ON ALEUCOCYTOSIS AND LEUCOPENIA 

{See also pp. 594 and 601.) 

Diminution in the numbers of white cells — more particularly the 
polymorphs, but also the lymphocytes — may be seen as a transitory 
phenomenon preceding the establishment of leucocytosis in many of the 
acute diseases. This may be due to two different sets of causes : (1) the 
cells may be partially withdrawn from the peripheral circulation, and thus 
not be found in their usual numbers in the drop of blood examined, an 
accumulation taking place in some of the internal organs — especially in 
the capillaries of the lung — or in some of the other tissues of the body ; 
or (2) there may be defective formation, and hence defective replacement, 
of those in the circulation. In the latter case, this deficient reaction may 
persist, if the infection is specially virulent, or, as has been said above" 
if the patient is enfeebled and his blood-forming tissues, especially the 
bone-marrow, be exhausted, as for example in alcoholic or in syphilitic 
subjects, or in old persons — ^these cases usually having a fatal termination. 
The absence, without any very obvious cause, of leucocytosis in 
certain streptococcal cases — although an inflammatory leucocytosis 
is the general rule in streptococcal infections — has already been noted 
above (p. 599), together with the observation that a marked leuco- 
cytosis can usually be rapidly established in such cases by the 
intravenous administration of horse-serum. Mention has already been 
made, of certain acute infective diseases in which leucocytosis docs 
pot occur, viz. acute miliary and other uncomplicated forms of tuber- 
culosis, typhoid fever, influenza, and measles. Diminution in the number 
of white cells occurs in some cases of starvation and malnutrition, e. g. in 
cancerous stricture of the oesophagus ; and also in pernicious anaemia, 
in splenic anaemia, and in some severe secondary anaemias, e. g, those 
resulting from rickets, syphilis, haemorrhage, etc. 

1 Carnegie Dickson, /oc, cit. Appendix IT. ® See footnote, pp. BIO-']* 
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SPECIAL PATHOLOGY OF THE BLOOD AND 
BLOOD-FORMING ORGANS 

Some of the more important pathological alterations in the blood now 
fall to be described. Many of these are recognised to be the results of 
certain reactions on the part of the hsomopoietic or blood-forming tissues, 
produced by the action of various toxic substances of known or unknown 
origin — ^for example, the toxins of bacteria, animal parasites, etc., and also, 
it is supposed, certain poisons generated by perverted metabolic processes 
within the tissues and organs of the patient himself. In any given 
instance, two sets of processes must be considered. Firstly, what may be 
regarded as the physiological reaction of the blood-forming tissues, in 
order to combat, and, if possible, to neutralise, the effects of disease. 
Secondly, the pathological or harmful effects upon the hsemopoietic tissues 
of the poison or irritant, producing aberrations, it may be, in the functions 
of these tissues, varying in nature and in degree, or perhaps even causing 
their wide-spread destruction. Thus, the anaemias are conditions in 
which the erythroblastic functions of the marrow are overstrained or not 
fully developed, imperfect, or inadequate to meet the demands made upon 
this tissue by the excessive and increasing blood -destruction. In some 
cases, as in pernicious anaetnia, the hsemopoietic functions of the maiyow 
are also perverted. In the leucocythmmias or leukaemias, there is some 
factor, of unknown nature, which stimulates the blood-forming tissues, 
especially the marrow, to produce enormous numbers of immature or 
otherwise aberrant white ccllfi. Thus, in the consideration of any of the 
so-called “ primary diseases of the blood,” it is always possible to refer 
the abnormal phenomena found to some antecedent patholo^cal process 
in the hsemopoietic tissues. Where a definite cause of this antecedent 
process has been discovered, e, g. the presence of some parasitic or bacterial 
infection,, neoplasm, etc., the blood-condition is usually spoken of as 
secondary; whilst, if no such cause has yet been discovered, the disease is 
sometimes classified as a primary disease of the blood and blood-forming 
tissues. In this connection it is, of course, obvious that, as our knowledge 
increases, all such morbid conditions of the blood will in time be proved 
to be “ secondary,” i. e. due to some definite ascertainable cause^. After 
this preliminary note, the detailed consideration of these so-called primary 
and secondary conditions of the blood may be discussed. 
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/ LEUCOCYTH>EMIA OR LEUKEMIA 

Leucocyths&mia or leuksemia is*a dUease, or rather a group of diseases, 
of unknown origin, characterised by an increase — often to an enormous 
degree — of the leucocytes in the blood, and usually shewing aberrant or 
abnormal types of blood -cell: characterised also by certain clinical 
symptoms such as progressive weakness, wasting, ha 3 moiThages from the 
nasal and gther mucous membranes, etc. : and by well-marked patho- 
logical changes in certain organs anc^ tissues. 

The disease w'as described by Hughes Bennett, in 1841, as “ leuco- 
cythsemia or “a condition of the blood resembling su])puraiion,’’ this 
“ pyoid condition of the blood being accompanied by enlargement 
of the liVfer and spleen. A few weeks later in the same year, Virchow 
described a case of what he called “ weisses Blut or “ Leukaemia,'^ and he 
distinguished clearly between this condition and true pyaemia, emphasising 
the presence of the characteristic pathological changes in the hsernopoietic 
tissues. Later, Virchow divided the cases into splenic and lyjnphatic 
varieties, the bone-marrow at that time not having been yet recognised 
as a leucocyte-producing tissue. In 1879 and 1880, Ehrlich’s discoveries 
in connection with the bone-marrow and the types of blood-cells 
originating in it, led to the classification of these diseases into : — 

(a) Spleno-Medullary or Myelogenous Leukaemia (Myelocythaemia). 

(b) Lymphatic Leukaemia or Lymphocythaemia. 

An enormous amount of research has since been carried out in connec- 
tion with these diseases, and all intermediate gradations between these 
two main types have been observed, as well as certain atypical forms — 
amongst them cases which appear to be more or less intermediate between 
the leukaemias and such diseases as Chloroma and Sarcoma, as, well as 
leukaemias in which the usual blood-picture is absent (Pseudo-Leukaemia 
—the so-called ** Leukamie ohne Leukamie ” of some German writers). 
We shall content ourselves with the description of tlie two main recognised 
types mentioned above. 

1. SPLENO-MEDULLARY OR MYELOGENOUS LEUKiEMIA, 

OR MYELOCYTH^MIA 

This variety is said to be commoner than the lymphatic form, and 
usually lasts from two to fiv^ years, though more acute cases occasionally 
occur; 

The setiology of the disease is still quite unknown. Age, sex, and 
heredity appear to have an undoubted influence on its occurrence, the 
condition being distinctly commoner in m^es, especially during middle 
age. Pregnancy, trauma, influenza,, syphilis, . tubexc^ TOihuia, 
rickets, and many offiiS conditiona have, in individual cases, bepn sdleged 
aa predisposing causes; whilst some authorities, with considerable justifi- 
cation? regard the disease as a reaction of the blood-forming organs, pro- 
duced by some infective or toxic agent pf unknown nature. Mhiny, 
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however, still hold that it is a “ primary ” disease of the hasnlopoietic 
organs and tissues — possibly neoplastic in nature. 

Pathological Changes in the Blood. — The colour of the blood may 
be little altered in the less extreme cases, or it may be distinctly paler 
than normal. It may be more watery in consistence, owing to the associ- 
ated anaemia, and coagulation is usually delayed — sometimes greatly so. 
The alkalinity of the blood may be diminished ; and the occurrence, after 
death, of “ CharcoMLeyden ” octahedral crystals is described. 

The white cells are enormously increased in numbers, e. g. from 100,000, 
150,000, or 200,000 in cases of moderate degree, up to 500,000 or even 
650,000 or more in severer cases. ^ The numbers usually vary considerably 
from time to time during the course of the disease, and even at different 
periods of the day, temporary remissions and relapses being of frequent 
occurrence. A fall in the leucocyte-count is often observed just before 
death, and a similar fall may occur from the supervention of some inter- 
current acute disease, such as pneumonia. The varieties of white cells 
specially increased are those of the granular series, i. e. (i) the polymorpho- 
nuclear neutropliil leucocytes, the marrow-cells from which they are 
derived, and the cells intermediate between them in development, (ii) the 
coarsely-granular eosinophil ce^ls, and (iii) the mast-cells. Lymphocyte- 
like cells may also be increased in absolute, but usually not in relative, 
numbers. {See Plate XIV, fig. 3.) 

^ m relative numbers of the adult and of the immature members of 
tbl||tieutrophil series vary considerably in different cases, and also during 
tTO course of the disease in individual patients, both treated and untreated. 
All forms, from the non-granular myeloblasts or pre-myelocytes, and the 
large granular myelocyte of Gornil — ^through the intermediate myelocytes 
and immature polymorph cells — down to the fully developed or adult 
polymorphonuclear leucocyte, are found. The earlier members of the 
series — ^the myelocytes — average 35 per cent, of the leucocytes present, 
though in some cases they may be more numerous. They may number 
as many as 100,000 or more per c.mni., and, as they increase, the - 
morphs — ^usually about 50 per cent, of the total leucocytes present — rriky 
correspondingly diminish in numbers. One of the most notable features 
of myelocythisemic blood is the large number of eosinophil cells which 
are often present, e,g. 5 or 10 per cent, being quite a usual Humber. A 
considerable proportion of them may be eosinophil myelocytes, character- 
ised by their larger size and single rounded nucleus. These latter, how; 
ever, are never so numerous as the neutrophil myelocytes. The increase 
in mjEiSt* gplls is a very constant phenomenon, and is more marked in this 
disease than in any other known condition — counts of 30, and even 40, per 
cent, having been recorded in some cases. It will be noted that these 
figures, being percentages of what is often a very large total leucocyte- 
J|jq»t, represent very opnsiderable absolute numbers for the individual 
types of cells mentioned. 

^ ^ It must be borne in mind that the figures giyen are for ^lood drawn from 

the circulation only. 
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jaundice, 818 

Inflamtoation ^ bone, 1032 
of brain,,976 
of iiTtestil^ 766 


J^f Uver, i 




Ihflammaticm of muscles, 1062 
of pancreas, 827 
of peritoneum, 785 
of salivary glands, 743 
of soft palate, pharynx and tonsils, 
739. ^ 

of spinal cord, 995 * 
of stomach, 760 
of tendon -sheatlis, 1066 
of veins, 662 ^ ^ 

Infundibulum, 856 ' 

Insane, gimeral paralysis of, 983 
Intestines! actinomycosis of, 780 
^ amyloid or waxy degeneration.^ eft, 
764 

atrophy of, 764 

carcinoma of, leucocytosis in, 625 

catarrh of, chronic, 767 

chronic venous congestion of, 764 

caOic di.sea8e, 767 

congenital rnalformatibns of, 759 

dilatation of, 760 

diseases of, 769 

diverticula of, 759 

iibrornat(>si.s of, 780 

hremorrhage in, 765 

hernia, 702 ^ ^ 

hypertrofiiiy of, 764 

inflammation of, 766 

intussusception, 763 

parasites in, 783 

prolapse of, 763 

protozoal infections in, 783 

specific inflammations of, 769 

strangulation of, 762 

syphilis of, 780 

transposition of, 7()0 

tubo'i’culosis of, 778 

tumours of, 782 . 

ulceration of, follicular, 767 

volvulus of, 762 

Intra-peritoneal suppurations, localised 
786 

Intussusception, 763 
Ischsemia of brain, 967 

Jaundice, 817 ^ 

catarrhal, 818 

due to aestructivo changes in liver 
cells, 820 
enteric, 818 
febrile, 819 
infective, 818 
Jaw, diseases of, 738 

inflammation of, 738 
necrosis of, 739 
tumours and cysts of, 739 
Joints, deformities of, 1049 
* diseases of, 1018, 1049 
dislocations of, ip49 
hfiemophilio disease of, 1067 - * 

inflanimato]^, degenerativoj/and 
proliferative changes in, 16f9 
injuries to, 1049 , 

loose bodies in, 1062, 1056 
malformatiqna of, 1049 
rice- or melbn-seed bodies in, , 
syphilis ol 1056 : 

tuberculosis disease of, 1066 : ' J 
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Kala-azar, cirrhosis due to, 809 
Karyotrhexis in pernicious antemia, 620 
Kidney and Kidneys 

abnormalities in number of, 863 
in positions of, 864 
in shape of, or dietributions 
of blood-vessels, 864 
actinomycosis of, 916 
calculi and concretions in, 906 
ca^iac, 909 

chan^os in, in lymphatic leuka'inia, 
■ 611 

in myelogenous loukseiLiia, 609 
* in pernicious anaemia, 622 
chronic granular contracted or 
€♦ cirrhotic, 896 

circulatory disorders of, 908 
cloudy swelling of, 879 
(Congenital malformations of, 862 
contraction, varieties of, 896, 900 
cystic disease of, 865 
diseases of, 862 

Gaskell’s views on, 901 
occurronccj of “ easts,” 883 
dystopic, 864 

embolism and infarction, 912 
fatty degeneration of, 880 
granular contracted, rod, 897, 900 
haemon'hages into and from, 912 
horseshoe-, 862 
hyporaemia of, active, 908 
inclusion of supraronals in, 865 
inequality in size of, 864 
inflammatory conditions of, 884 
injuries of, 868 

interstitial connective tissiw of, 
lesions affecting, 877 
Malpighian bodies of, lesions affect- 
• ing, 873 t. « 

movable or floating, 864 
mucoid and colloid degeneration of, 
883 

naked-oyo examination of, points 
to be observed, 871, 872 
pale granular contracted, 900 
contractmj;, 900 
« Qs ^ parasites in, 919 

' " passive or venous conge^ion of, 908 

persistence of fmtal lobulation, 865 
sacral, 864 
sigmoid, 862 
solitary, 863 

specific or chronic infective disease 
of, 912 

structural disease of, 869 
syphilis of, 916 
tuberculosis of, 912 
tubules of, conditions specially 
affecting, 879 
tumours of, 91Q 
vessels of, lesions affecting, 877 
Knool^kaee, 1024, 1026, 1049 
Kyphim* 1044 

due t 9 rickets, 1026 

Landry^s paralysid, 1002 
''LaTyiigitis, membranous, 664 
X^ynx, catarrh of, acute, 663 
r»hrnTim. 664 


Larynx, diseases of, 663 * 

disturbances of circulation, *663 
foreign bodies in, 663 
glanders of, 666 !?§ 

inflammation of, 663 
leprosy of, -666 
muscles of, paralysis of, 666 
stenosis of, 663 
syphilis of, 665 . 

tuberculosis of, 665 
tumours of, 666 

Lead-poisoning, neuritis in, 1016 
Leg, bones of, deformities due to rickets, 
1024 

Leprosy, condition of spleen in, 667 ^ 
effects^ on bone, 1044 
involving muscles, 1065 „ 

‘ neuritis in, 1017 *: 
of liver, 812 
Leptomeningitis, 952 
spinal,' 994 
tuberculous, 995 

Leucoblastic bone-marrow, 593, 60J 
Leucocyte cells in bone-marrow, 585 
Leucocytes, 575, 600 
diapodosis of, 576 
hyaline, 578 , ^ 

mononucleatod, 578 
polymorphonuclear, 577 
varieties and relative numbers of, 
576 

Leucocythsemia, 605 

effects on kidney, 916 
Leucocytosis, cachectic, 600 
clinical varieties of, 598 
in cancer, 624 
inflammatory, 577 
mixed, 603 

neutrophil, polyinorplionuclear or 
common, 600 

polymorphonucfoar, 577, 600 
post-haciriorrhagic, 699, 614 
produced by disease, 699 
* terminal or ante-mortem, 600 
therapeutic, 598, 603 
types of cell increased in, 600 
Leucopenia, 603, 660 
Leuksemia, 605 

lymphatic^ 609 « 

spleno-medullary or myelogenous, 
^ 606 

changes in organs and bone- 
marrow, 607 

Linitis, phis tic, 758 *' 

Lipsemia, 569, 831 ^ 

Lipomata of peritoneum, 787 
Liver, abscess of, 802 

actinomycosis of, 812 *' 

acute congestion of, 792 
ansemic patches on, 792 
anatomy of, 789 ^ 

atrophy of, 796 

acute or yellow, 796 
biliary aliscesscs of, 803 
cancer of, leucocytosis in, 624 
central red atrophy,,” 793 
changes in, due to eclampsia, 811 
m Hodgkin’s disease, 644 
in Ivm^aticdeuksemia. 611 
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Liver, changes in myelogenous leukaemia, 
609 

* in pernicious anaemia, 622 
ch|pnic venous congestion, 792 
ciSiulatory disturbances, 792 
cirrhosis of, 803, 806, 807 
cloudy swelling of, 799 • 

cysts in, 816 

deformities and displacements of, 
acquired, 789 
diseases of, 789 

effects of T.N.T. poisoning on, 798 
embolism and thrombosis of portal 
vein, 795 

fatty changes in, 799 ^ 

gas*formation in, 796 
hobnail, 803, 806 
inflamfnation of, 802 
leprosy of, 812 

malpositions and malformations of, 
789 

nutmeg, 793 
parasites of, 817 
Jiigmeiitary changes in, 801 
pseudomelanosis, 796 
*pj»emio abscesses of, 802 
regenerative changes in, 791 
• retrogressive changes in, 796 
syphilitic disease of, 809 
tropical abscess of, 802 
tuberculosis of, 811 
tumours of, 812 

waxy or amyloid degeneration, 8i)0 
Liver-COlht, jaundice due to destructive 
changes in, 820 
necrosis (if, 806 
Locomotor ataxia, 1007, 1065 
. Lordosis, 1 046 

due to rickets, 1026 
Ludovici’s angina, 743 
Lumbar abscess, 1042 
Lung and Lungs 
abscess of, 696 

brown induration of, 677 , 

changes in, in acutes lobar ])neu- 
monia, 689 
collapse of, 680 
congestion of, acute, 685 
consolidated, G89 
diseases of, 674, 699* 
disturbances of circulation, 076 
effects of actinomycosis on, 704 • 
of gas-poisoning on, 675 
gf ^]fLi]^p>rg on, 704 
gangreno of, 696 
li^patisation of, 687, 689 
hypersemia^f, active, 676, 685 
passive, 676 

hypostatic engorgement or conges- 
tion of, 679 

inflammatory conditions of, 685 
injuries of, 676 
malformations of, 676 
occupational diseases of, 699-702 
oedema of, 679 
parasites in, 721 

phthisical, haemorrhage from, ^0 
pulmonary embolism and throm- 
bosis in, 678 * 


Lung and LungS, pulmonary infarctioh 
in, 678 

syphilis of^ 703 
tuberculo^ of, 706 
acute, 708 

air-passage spread, 710 
Wood-spread of, 708 
characters of lesions, 7 1 1 
chronic, 712, 717 
classifloation of, 706 
fibroid, “ healed tuj^ersle, 713 
general facts in relation to, 705 
lymphatic spread of, 708 
%nothod of infection, 706 ^ 

of spread of, 707 
with cavity formation, 714 
without cavity formation, 7(0, 
708 

tumours of, 721 ^ 

venous ongoigornent of, 676 

“ Lung-stones,” 673 , 

Lymphadenitis, acute and chronic, G33- 5 
syphilitic, 640 
Lymphadenoma, 631, 640 
Lymphangiectasis, 629 
Lymphangioma, 629 

cavernous and ploxiforrn, 630 
Lymphangitis, 629 • • 

Lymphatic glands, 630 
atrophy of, 632 

changes in, in lymphatic Icukiemia, 
611 

in myelogenous leukiemia, 609 
diseases of, classification of, 631 
pigmentation of, 632 
tuberculosis of, 635 
tumours of, 645 

• waxy or amyloid degeneration, 632 
Lymphatic system, diseases of, 629 
tcssols, cystic tufuours of, 030 
dilatation cysts of, 630 
diseases of, 629 
new growths of, 630 
Lymphatism, 647 
of tongue, 736 
Lymphocytes, 678, 958 
Lymphocytheemia, 609 
Lymphocytosis, 601, 958 jni* ^ 

Lymphoid <)plls, 580 ^ 

tissue, 680 

Lymphoma, 645 

Lymphomatous masses in liver, 814 
ulcers, 646 

Lympho-sarcoma, 646 
Lympho-toxeemia, 647 

Maciooheilia, 629, 734 
Macroglossia, 629, 734 
Malakoplakia of bladder, 924 
Malarial cirrhosis, 809 
Malformations of pericardium, 497 
Malpighian bodies, lesions affecting, 873 
capsule of, lesions of, 875 
Mammary gland, absence of, 93c 
actinomycosis of, 936 • 

atrophy of, 934 
carcinoma of, 942, 947 
congenital mail OimationB of ^ * 

degenerations of, 934 



1078 


INDEX 


Mammary gland, diseases of, 934 
hypertrophy of, 934 
inflammation of, 934 
sarcomata of, 942 
scirrhius of, 943 
syphilis of, 936 
tuberculosis of, 936 *- 

tumours and cysts of, 937, 939 
supernumerary, 934 
Marrow. See 3one-marrow 
Mast-06llS«c578 

increase of, 603 a 

Mastitis, acute, 935 
, chronic, 935 
complicating mumps, 743 
Meckel’s diverticulum, 759 
Migacolon, 7G0 
Megakaryocytes, 607, oio 
Meg^blasts, 572, 594 

in pernicious anaiinia, 620 

Megalocytes, 5*22 

in pernicious anicinia, 620 

Melsena, 765 

Meningeal lucmorrhage, 951, 070 
Meninges, tumours of, 060 
Meningismus, 953 
Meningitis, 052 

baifeal, })osterior, 957 
corebro -spinal, c])i domic, 953 
of dura, 959 

serosa circumscripta, 961 
tuberculous, 957 

Meningocele, 965, 992 
Meningomyelocele, 992, 093 
Mickulicz’s disease, 7 44 
Miorencephalus, 965 
Microblasts, 572 
Microoephalus, 965 
Microcephaly, 965 
Microcytes, 572 « 

Miliary aneurisms, 557, 558 
“ Milk-cysts,” 939 
Milk-spots in hoart, 502 
Mineral poisons, neuritis duo to, 1016 
Mitral incompetence, 516 
stenosis, 512, 514 

Mononuclear colls, hyaline, increase ol 

g Mononucleated leucocytes, 57Q 
Mouth, catarrh of, 735 
diseases of, 732 
granuloinata of, 736 
inflammation of, 735 
malformations of, 732 
syphilis* of, 736 
tuberculosis of, 737 
tumours and cysts of, 737 
Movable kidney, 864 
Mucoid and colloid degeneration r 
kidney, 883 
Mumps, 743 

complications of, 743 
Muscles, atrophy pf, 1060 

myopathic, 1061 
. v^ieuropathic, 1060 

peroneal type, 1003 
progressive, 1002 
^ calcification of, 1058 
^^udy swelling of, 1058 


Muscles, coagulation necrosis of, d059 
degenerations of, 1058 
fatty degeneration of, 1058 * 
haemorrhage into, 1068 
inhammationof, 1062 
necrosis of, 1069 
cedema of, ‘1058 
parasites in, 1065 
pigmentation of, 1059 
rupture of, 1068 ‘ 
syphilis of, 1065 
tuberculosis of, 1065 
tumours of, 1065 
voluntary, diseases of, 1058 
waxy or amyloid degeneration of, 
1068 , 
Zenker’s degeneration of, 1069 
Muscular dystrophies, 1061 
Mustard-gas poisoning; 676 
Mycetoma involving muscles, 1065 
of bone, 1044 
Myelitis, 996 

causation of and characters of 
lesion, 996 * 

Myelocytheemia, 605, 608 
Myeloma of bone, 1046 
Myelomalacia, 995 

Myocarditis, acute, non-suppurativo; C26 
suppurative, 620 
chronic, 627 
syphilitic, 529 
tuberculous, 529 
Myocardium, atrophy of, 510 

chrotiic venous congestion of, 523 
Myomalacia cordis, 524 
Myopathic muscular atrophy, 106 1 
Myositis, non -suppurative, 1002 
ossificans, 1065 
suppurative or purulent, 1062 
Myxoedema, 843 

blood-condition in, 845 
secondary changes in other organs 
and tissues, 844 
Myxo-glioma of brain, 987 

Nasal cavities, diseases of, 661 
Necrosis of lione, 1033, 1034, ]()36 
of jaw, 739 
of iiver-celjs, 806 
of muscles, *1059 
of pancreas, 826 
Nephritis, acute, 888 
“ consecutive,” 886 
diffuse, sub-acute, 804 
glomerular, 875 
non-suppurative, 887 < ^ 

suppurative, 884 ^ 

trench, 888, 904 
varieties of, 888 ^ 

Nephrolithiasis, 906 
Nephroptosis, 864 
Nerves, cranial, diseases of, 088 ^ 

Nervous system, diseases of, 949 
Neuritis, 1013 

alcoholic, 1016 

due to local action of an organism, 
•• 1017 

due to mineral poisons, lOlCi 
^ in lepibsy, 1017 
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Neuritisi interstitial, 988 
multiple, 1015 

. of diabetes, Bright’s disease,etc.,1016 
of toxic origin, 1015 
of traumatic origin, 1013 
optic, 988 

Neuroblastomas, 1017 
Neuro-ftbromatosis, 1017 
Neuromas, 1017 
^ amputation, 1017 
Neuropathic arthropatliy, 1054 
atrophy, 1060 

Neutrophil leucoblastic reaction, 593 
Nipple, of breast, congenital absence of, 
934 

® o Paget’s disease of, 937 ^ 

tumours of, 937 

Nitrogen c(Sh[itaining substances in blopd, 
508 

Noma, 735 
Normoblasts, 572 
Normocytes, 572 
Nose, catarrh of, acute, 00 1 
'' chronic, 002 
foreign bodies in, 003 
©fungi in, 003 

granuloma and tumours of, 0r»2 
• haemorrhage from, 001 
inflammation of, 001 
maggots in, 003 
parasites in, 003 
syphilis of, 003 

tuberculosis of, 602 _ 

tumours of. 663 
“ Nutmeg-liver,” 793 
Nutrition, diminished, in secondary anae- 
mia, 015 

Odontoma, 738 
(Edema glottidis, (>(i4 
of brain, 9t)7 
of lungs, 079 

of membranes of brain, 900 
of muscles, 1058 ^ , 

(Esophagus, comimiiiication ^vit}l tra- 
chea, 744 

developmental abnormalities and 
malformations, 744 
digestion of, during Life, 745 
dilatation of, 744 
diverticulum of, anterior, 744 
inflammatory and necrotic condi- 
tions, 745 

post -pio rtem digestion of, 745 
• stenosis of, 74?> ^ 
tigmours of, 746 

iF Venus oongftjtion of, chronic, 745 
Optic neur^s, 988 

Ofehitis, 919 

acute, ceniplicating mumps, 743 
Ossification, process of, 1018 
Osteitis, 1032 

characters of lesions, 1032 
deformans, 1038 
typhoid, 1032 
Osteo-arthritis, 1061 

deformans, proliferative, 1054 * 
Osteo-apthropathy, hypertrophic, chronic, 
1066 


Osteoblasts, 1018 
Osteoclasts, 1018 
Osteoma, 1045 
Osteomalacia, n)28 

changes in bones, 1030 
Osteomyelitis, 1032 
Osteophytd^, 1037 
Ostitis, 1032 

chronic, 1033 

Ovuritis complicating raunjps, 743 

PachymcQLingitis, 952 * 

luemorrhagica, 951 

'^intc^rna, 993 • 

hypertrophica, 993 
septic, elfects of, 952 
tuberculous, 994 
Paget’s disease of bone, 1038 

of nipple, 937 J 

Pancreas, amyloid or waxy degeneration 
of. 826 

atrophy of, 820 

congenital abnormalities of, 825 
diseases of, 824 
ducts of, obstruction of, 824 
fatty degeneration of, 820 
function of, 824 
lumnophage into, 826 ** 

inflammation of, 827 
necrosis of, 820 
pigmentation of, 820 
post-mortem softening of, 825 
syphilis of, 828 
tuberculosis of, 828 
tumours and cysts of, 828 
wounds of, 825 

Pancreatitis complicating mumps, 743 
' haemorrhagic, 825 
acute, 827 

fnterstitial, chrdfnc, 827 
suppurative, gangrenous or necrotic, 
acuto^ 827 

Papillitis, 990 

Paralysis, acute ascending (Landry’s), 
1002 

infantile, 998 
insane, general, 983 

Paraplegia, spastic, 1000 ^ 

Parasites, mna3mias produced by, 015, 
619 

in kidney, 9J9 
in lungs, 721 
in muscles, 1005 
in pleura, 731 
in spinal cord, 1012 
in spleen, 657 
of bladder, 924 
of bone, 1048 
of brain, 988 
of liver, 817 

Parathyroid gland, diseases of, 840 
See also Thyroid Glands 
Paratyphoid fever, 777 * 

Parotid gland, inflammation of, 743 
Parotitis, 743 • 

infective, acute, 743 
“Pearl-Tumour” of brain, 988 
Pellagra, 1012 


Pelvis, crushed or beaked, 1030 



1080 




PelviSt deformities due to rickets, 1027 
Penis, diseases of, 931 
tumours of, 931 
ulcers or chancres on, 931 
Perforation from gastric ulcers, 754 
Periarteritis nodosa, 554 
Pericarditis, acute, 502 £ 

terminations of, 504 
dry or fibrinous, 503 
haemorrhagic, 505 
rheurijiatio or pneumococcal, 504 
8uppuife,tivo, 505 
tuberculous, 505 

Pericardium, diseases and injuries of, 
501, 504 

inflammation of, 502 
** malformations of, 497 

tumours and parasites of, 500 
Perichondritis, 6jS4 
Peri-^omerulitis, 875 
Perihepatitis, 7po 

cirrhosis following, 809 
Peri-nephric and peri -nephritic abscess, 
887 

Peri-nephritis, 887 
Perineuritis, 988, 990 
Periosteal nodes m syphilis of bone, 
1043- 

Periosteum, acute inflammation and sup- 
puration of, 1033 
Periostitis, 1032 
acute, 1033 
diffuse, 738 
gimunatous, 1043 

Peripheral nerves and ganglia, diseases 
of, 1013 

tumours of, 1017 

Peritoneum, acute carcinomatosis, 787 
chronic venous congestion of, 784 
circulatory dislpurbanccs of, 784 
congenital abnormalities of, 784 
diseases of, 784 
haemorrhages in, 784 
Jiydatid cysts of, 788 
inflammation of, 785 
lipomata of, 787 

secondary cancer growths in, 787 
‘ tuberculosis of, 780 
tumours of, 787 
Peritonitis, 785 
chronic, 786 
Perityphlitis, 768 
Pernicious anaemia, 618 
Peroneal type of muscular atrophy, 1 003 
Phagocytosis, 575, 597, 621 
Pharyngeal hypophysis, 856 
Pharyngitis, 740 
granular, 740 
phlegmonous, acute, 740 
Pharynx, catarrh of, 740 
chronic, .740 
diseases of, 739 
diverticuluirf*of, 739 
inflammation of, 740 
. syphilis of, 742 
tuDeroulosis of, 742 
of, 743 


Phlebo-sclerosis, 563 
Phosgene-gas poisoning, 676 
Phosphate-calculi, 925 
Phosphorus-necrosis, 1036 
Phthisis, 714 
acute, 716 ^ 
chronic, 717 
renal, ^14 

See also Lung, Tuberculosis of 
Pigeon-breast, appearance due to rickets, 
1026 

Pigmentation of lymphatic glands, 632 
of muscles, 1059 
Pineal body, 861 

extract, 861 iv 

Pituitary body, congenital abnormalit*es 
of, 856 

diseases of, 866 

internal secretions produced by, 
856 

toxic and degenerative changes in, 
867 

Pituitrin, 857 
Plastic linitis, 758 
Pleura, diseases of, 722 
haemorrhage from, 722 
inflammation of, acute, 724 
parasites in, 731 
tuberculosis of, 705, 729 
tumours of, 731 
Pleurisy, 724 
chronic, 729 
dry or fibrinous, 725 
litemorrhagic, 727 
purulent, 726 

serous or sero -fibrinous, 726 

Pleuritis, 724 

Pneumonia, catarrhal or lobular, 691 
eroupons or fibrinous, 686 
hypostatic, 697 
infectious, 686 
interstitial, 697 
Ipbar, acute, 686 
^ bacteriology of, 686 

results of, 689 
sputum in, 691 
stages of, 687 

Pneumonokonioses, 697, (>99 
Pneumo-pericardium, 506 
Pneumothorax, ‘^675, 723 
Poikilocytosis, 573 
« in pernicious anaemia, 620 
in secondary anaemia, 616 
Poisoning with T.N.T., ou liver, 

798 . > ' ^ 

Polio-encephalo-myelitiSf 1001 
Poliomyelitis, anterior, tcute, 998 
chronica (Aran-Duchenne), 1002 
Polyarteritis acuta nodosa, 5l>i 
Polychromatophilia, 574 

in pernicious anaemia, 620 
Polycythcemia rubra, 612 ^ 

Polycythsemic splenomegaly, 660 , 
Polymorphonuclear leucocytes, 677 
Polypeuritis, infective, acute, 1015 
Forttd vein, embolism and thrombosis 
off*795 

Pott’s disease, 994, 1009 
PfoIausa of intestine. 763 


^ tumours 
662 
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Prolaps&s ani, 763 

Prostata gland, calculi and concretions 
in, 933 

diseases of, 931 * 
hypertrophy of, 931, 
inflammation of, 93? . 
tuberculosis of, 933 
tumours and cysts of, 933 
Prostatic dysuria, 932 
Prostatism, 932 
Prostatitis, 932 

Protein-content of serum of blood - 
plasma, 66fl 

Protein-iiuotient in blood-pUisma, 668 
.jPrptozoa, infection of intestines by, 783 

'Pseudeiglobulin, 568 
Pseudo-herpaphroditism, 926 
Pseudo-hypertropllic muscular paralysis, 
1003 

Pseudoleukaemia infantum of v. Jaksch, 
659 

Pseudomelanosis <if liver, 796 
Psoasi abscess, 1042 

Pulmonary embolism and thrtunbosis 
in lungs, 679 
‘‘'incompetence, 518 
^ infarction in lungs, 678 
stenosis, 498, 518 
Purkinje fibres, 535 
Purpura hsemorrhagica, 626 
Pyaemic abscesses of liver, 802 
Pyelitis, 886 

Pyelo-nephritis, 885 - 

suppurative, 885 
Pyle-phlebitis, 795 
Pylorus, atresia of, 747 
. • congenital hypertrophic stenosis of, 
747 

Pyo-nephrosis, 887 
Pyo-pericardium, 505 
Pyorrhoea alveolaris, 738 


Ranula, 737 

Raynaud’s disease, neuritis in, 1016 ^ 

Renal colic, causes of, 906 
phthisis, 914 

Respiratory system, diseases of, 660 

Retention-pneumonia, 695 
Rhabdomyoma, congcnit%h of heart, 533 
Rheumatic and rheumatoid arthritis, 
chronic, 1051 • ^ 

fever and arterial lesions, 555 
Rheumat ism, acu te, 508, 528 
MieuniatflllPBfBBrA^j s. 1 05 1 
Rninitis, 661 

^ rfbute, 661 - • 

hypertrophic, 662 

Rhinolithar 663 
Rickets, 1020 

BBtiology and morbid anatomy, 1020, 
1021 


deformities of bones due to, 1024 
Rider’s bone, 1037 
Rupture of muscles, 1058 
of tendons, 1066 


Saccular aneurisms, 557 
Sacral l^idney, 864 
SlUivaty calculi, J43 


Salivary glands, diseases of, 743 
granulomata of, 743 
inflajnmation of, 743 
tumours and cysts of, 7t4 
Sarcoma, blood-changes in, 625 
of bone, 1048 
of brain, 987 
of breast, 942 

Schistosomiasis, intestinal, 783* 

Scirrhus cancer of breast, 943, 946 
Sclerosis, disseminated or insplar, 1005 
latelhl, amyotrophic, 1004 
of l;^ain, 983 

of spinal cord, secondary, 1010 ^ 
y^rimary, lateral, 1006 
subacute, combined, 1006 
See also Arterio-sderosis 
Scoliosis, 1045 ; 

duo to rickets, 1026 
Scorbutus, 627 
Scrotum, diseases of, 931 • 

Scurvy, 627 

infantile, 627, 1027 
Scurvy-rickets, 1027 
Secretions, internal, 832 
Senile arthritis, 1054 
Serum in blood -plasma, 568 
Serum-albumins, 568 
Serum, blood-, 569 
Serum-globulip, 568 
Shiga’s baci®^s in bacillary dyseniery, 

772 , ISBT 


862 


Siderosis, 7® 

Sigmoid 

Silicosis, tW^»:/o 2 
Sinuses, cerebral, thrombosis of, 950 
Skull, bones of, effects of rickets on, 


1027 


Soft palate, diseases ^f, 739 
Soldiers’ spots, cardiac, 502 
Solitary kidney, 863 
“ Sore throat,” 740 
Spastic yiaraplegia, 1006 
Spermatic cord, diseases of, 930 

hannatocele or hacmatonia of, 930 
- hydrocele of, 930 

Spina bifida, closed and oi3en, 992, 993^ 
Spinal ataxia, hereditary, 1009 

cord, %nd membranes, diseases of, 

991 

calcareous degeneration of, 993 
concussion of, 995 
congenital abnormalities of, 991 
degenerative conditions, 1002, 
1010 


grey degeneration of, 1010 
haemorrhage into, 995 
inflammation of, 995 
of dura-rnator, 993 
of pia-mater, 994 
injuries of, 995 
parasites in, 1,012 
sclerosis of, 1004, 1005, lOOli 
secondary, 1010 
syphilis of, 995 ^ 

tuberculosis of, 994 ^ 

associated -with cari^v 
vertebres, 994 
tumours of, 1012 
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Spind> caries of, 994 
' curva^llre of, 1044 
softening of, 1026 

SpiroSheato pallida in arteries, 5i>l, 552 
SpirochsBtosis icterigenes, 820 

ic tero'-hsemorrhagica, 8 1 8, , 8 ] 9 
Spleen, accessory, 648 

active hypersemia or acute conges- 
tion of, 654 » 
animal parasites in, 657 
atrbpWc changes in, 649 
conditions in syphilis, 657 ^ 
in Hodgkin^s disease, 6^3 
« changes in, in l3nnphatic leukeemia, 
610 

^ in myelogenous leuksemia, 607 
^ in pernicious ansamia, 622 

related to surface and peritoneal 
investment of, 649 
chronic venous congestion in, 652 
diseases pfs 648 
onlargcinenls of, 658 
' hyalit^e degeneration of, 653 
hydatid cysts in, 657 
in acute toxic and septic diseases, 
654 

infarction pf, 653 
injuries to, 649 
leprosy and, 657 

malarial and other pr*otozoal para- 
sites in, 657 I 

malformations and I alpositions, 
648 \ 

movable or wanderin^^|9 
pigmentation and plSgE^tosis in, 

051 

post-mortem discoloration and 
pseudomelanosis, 652 
removal of, 660^ ^ 

suppuration in, 655 
tuberculosis of, 656 
tumours of, 657 
vascular derangements of, 652 
waxy or amyloid degeneration, 649 
Splenectomy, 660 
Splenic anaemia, 658 
Spleniciili, 648 

Spflnitie, interstitial, chronic, 656 . 

/Splenomegaly, polycyth00mic,''66O 
primary, 658 
SplenoncuU, 648 
Spondylitis deformans, 1054 
Sporbzoa,, 663 ^ 

Spntate in pnei^onia, 691 
Status lymphatmus, 647 
Stenosis, mitral, 514 
of aorta, 499, 51 7 
of oesophagus, 745 
pulmonary; 518 
congenital, 498 

pyloric, congenital hypertrophic, 
747 ^ ^ 

subaortic, 499 
tricuspj|d, ^17 

Steroon^ iiioeration of large intestine, 

|4isea8e, 1053 

i? a^iC^te congestion in, 7^ 



Stomach, cancer of, 755, 767 , ■ 

leucocytosis in, 624 
relation to ulcers of stomach, 
765 

catarrh of, chronic, 750 
circulatory (Jisturbances in, 748 
cirrhosis of, 758 

dilatation ami hypertrophy of, 766 
diseases of, 746 
displacements of, 748 
fibromatosis of, 768 
heemorrhage in, 748 
hour-glass contraction -t)f, 7 17 
inflammation of, 750 
malformations 'tf, 747 
malpositions, -748 . 

passive hyperaemia in, 74J^ 
post-mortem changes, 746 
syphilis of, 766 
tuberculosis of, 766 
tumours of, 767 
ulcers of, 761 
acute, 751 
follicular, 761 
simple or peptic, 753 
effects of, 754 
healing of, 765 

venous congestion in chronic, 748 
Stomatitis, forms of, 736 
aphthous, 735 
gangrenous, 735 
Stone-masons’ lung, 700 
Stricture from gastric ulcers, 755 
of urethra, 927 
Subaortic stenosis, 499 
Sub-arachnoid haemorrhage, 970 
Sub-dural haemorrhage, 970 
Sub-phrenic or sub-diaphragmatic ab- 
scess, 786 

Suprarenal or adrenal bodies, 848 
accessory, 849 
acute changes in, 851 
anatomy of, 849 
' changes in, 863 

development, and function of, 

848 

developmental abnormalities, 

849 

diseasQT' of, 848 
extract, 848 

^ fatty defejeneration of, 851 

fibrous atrophy of, chronic, 863 
inclusion of, in kidney, 865 
secretions of^ ^4tr 

oi^ai^es in, 861 

Tuberculosis of^^Sl ^ f* 
with * caseation, chronic, 
863 M 

tumours of, 853 
waxy or amyloid degeneration, 
851 

Suprarenin, 848 
Surgical kidney,” 885 
Synostosis, 1020 

Syphflis, conditions of spleen in, 657 
qf arteries, 551 
of bone, 1043 
of brain, 986 
of breast, 936 
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Dilatation and byj)ertrophy of stomach, 
765 

- of heart, 529, 630 
of intestines, 760 
of veins, 6^0 
Diphtheria, 741 - 
Dislocations of joints, 1040 
Displacement of tendons, ] 066 
Dissecting aneurisms, 558 
^Diverticula of intestines, 759 
Diverticulum, Meckel’s, 759 
of pharynx, 739 
Dropsy of brain, 967 

Duct-cancers of broast, 947 ^ 

Ductless glands, diseases of, 832 
Duodenal ulcer, 763, 768 
Duodenitis, 768 

Dura mater inflammation of, 963 
Dust, inhalation effects, 699 
Dysentery, 769 
amoebic, 770 
asylum, 773 
bacillary, 772 
Dyspiil^tarism, 857 
Dystopio kidney, 864 
Dystrophia adiposo -gem tails, 869 
Dysuria, prostatic, 932 

Eclampsia, changes in liver in, 811 
Elephantiasis, 630 
Embolism in brain, 968 

in kidney, 912 _ 

of coronary arteries, 526 
of hepatic artery, 796 
of portal vein, 795 
Emphysema, atrophous, 683 

hyportrophous or “ large -lunged,” 
683 

interetitial, 685 
vesicular, 683 
Empyema, 726 
putrid, 727 
Encephalitis 976 
chronic, 982 
epidemic, 952, 956, 976 
lethargica, 976 
suppurative, 981 
Encephalocele, 965 
Endarteritis deformans, 5'51 

proliferans or obliterans, 550 
syphilitic, 529 

Endocarditis, 507 * 

acute, simple (non -ulcerative), 508 
iworbidmn atomy of, 608, 509 
• chronic, 513 

M ulcerative, malignant or septic, 610 
morbid Unatomy of, 510 
, seq^uelsa of inhamniatory pix)- 
cess, 512 

Endocardium, degeneration of, 507 
haemorrhages in, 607 
inflammation of, 607 
tifberculosis of, 513 
Endocrine organs, diseases of, 832 
Enostoses, 1045 

Entamoeba histolytica in amoebic dysen- 
tery, 770 • 

Enteric |&undice, 818 , 

Enteritis, catarrhaL acute, 766 

, 70 : 


Enteritis, croupous or fibrinous, 768 
membranous, 768 
suppurative or phlegmonous, 768 

Enterocystoma, 759 
Eosinophilia, 601 

Eosinophil||, coarsely granular, 577 
Epidemic encephalitis, 976 
Epinephrine, 848 
Epiphysis cerebri, 861 
Epiphysitis, syphilitic, 1044 
Epispadias, 925, 926 
Eputam,^661 

Epithelionia, squamous -cel led, 746 
Epulis, 739 
Erythrsamia, 612 

Erythroblastic cell-forming bonc-mar- 
row, 694 

Erythrocytes, f>r red blood-corpuscles, 
672 O 

changes in, in lymphatic loukajinia, 
610 

colour changes in, 673, 575 
formations of rouleaux, 672 
fragmentations of, 573 
granular degeneration of, 574 
variations in size, 572 
Euglobulin, 568 ^ 

Ebr^ise, efioct on heart, *30 
Exophthalmic goitre, 837 

associated changes in other (U’gans 
and tissues, 840 

changes iri thyroid gland in, 838 
Exostoses, 1045 

False aneurism, 669 
Fat, metabolism of, 598 
Fatty degeneration of arteries, 539 
of endocardium 507 
qf heart-musclo, 521 
of kidney, 873, 880 
in liver, 799 ^ 

of muscles, 1058 
of pancreas, 826 
of stomach, 766 
of suprarenals, 851 
infiltration of heart, 522 
Febrile jaundice, 819 
Feminism, causes of, 860 
Fibrin in blClod-plasmja, 568 
Fibro-^denomata of breast, 941 
Fibroid heart, 627 
Fibroma of bone, 1045 
Fibromatosis of intestines, 78(t 
of stomach, 758 
Flat-foot, 1049 
Floating kidney, 864 
Flake-worms, cirrhosis due to, 809 
Foramen ovale, patent, 499, 518 
Foreign bodies in larynx, 663 
in nose, 663 

Fractures, repair of, 1039 
Friedrich’s disease, 1009 
Fusiform aneurism, 567 

diseases of, 817 
infiammation of, 820 

Gall-stones, 821 
Gauglion-neuromata, 1017 
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Ganglion of bursa;, 1067 
Gangrene of lung, 690 
Gas-formation in liver, 796 
Gas-poisoning, 675 
Gastric or peptic ulcers, 161 
tetany, 761 ^ 

Gastritis, acute, 760 

phlegmonous or diffuse suppurative, 
760 

Gastroptpsis; 748 
Gastrotakis, 749 

General paralysis of insane, OeS 
Generative system, diseases of/*028 
Genitc^urinary system, diseases of, 862 
tuberculosis, 914 
Genu valgum, 1024 
varum, 1024, 1026 
Gigantism, 857, 860 
Gig&toblasts, 572 
Gigantocytes, 672 
Gin-drinker V liver, 803, 805 
Glanders, 666 

effects on lung, 704 
, involving muscles, 1065 
Glands, tuberculosis of, 638 
Glioma of brain, 987 
Gliomatosis, Q,9l 
Glomerulitis, 875 
Glossitis, 736 
Glucose in blood, 508 
Glycogen in blood, 668 
Glycosuria, and diabetes mcllitus, 829 
Goitre, 835 

exophthalmic, 837 
Gonorrhoeal arthritis, 1050 
Gouty arthritis, 1051 

deposits in tendons, 1006 
or uratic deposits in endocardium, 
507 . 

Granular contraction of kidney, 895 
Graves’ disease, 837 
Grinder’s lung, 702 
Gummata of dura, 959 
Gummatous periostitis, 1043 

post-operative, 745 

Hsematocele, or haunatoma of spermatic 
cord, 930 

matoma, 538, 559 ^ 

moglobin-holding cells in bone- 
' marrow, 686 

Hsemolymph glands, enlargjemcnt of, 647 
HSemopericardinm, caus^ of, 501, 502 
Hesmophilia« 626 
Hasmophilic joint-disease, 1057 
fisemorrhages, 625 
cerebral, 970, 971 
from anterior cerebral artery, 974 
from gastric ulcers, 764 r 

from haemorrhoids, 765 . * 

from middle cerebral artery, 973 
from nose, 661 
from phthisical lungs, 720 
in ixpie, 1031 
in intestines, 766 
: in peritoneum, 784 
in stomach, 748 
into and frM the lyiidder, 920 
the kidney, 91^ 


Hssmorrhages, into and in membranes of 
brain, 951 
into muscles, 1057 
into pancreas, 825 
into pons, 976 
into spinal cord, 996 
into tendon-sheaths, 1066 
meningeal, 951, 970 
sub-arachnoid, 970 
sub-dural, 970 
ventricular, 973 

Hfismorrhagic diathesis, 570, 026 
diseases, 625 

Haemorrhoids, haBmorrhag© from, 7 (>5 
rupture of, 562 

Heemosiderin, 622 ' ' ' 

Hesmothoraar, 675, 722 
Kalsted’s adono-carcinoma of breast, 947 
Hanot’s hypertrophic cirrhosis, 805, 807 
Hare-lip, 661, 732 

Heart, abnormalities in cusps of valves, 
499 

adiposity or fatty irjfiltration of, 522 
and vessels, development of, 497 
aneurisms of, 511, 526 
aortic valve of, disease of, 517 
auricular septum, defects of, 498 
brown atrophy of, 519 
changes in, in pernicious anaemia, 
622 

congenital defects in, 497, 533 
degenerations of, 520 
excessive exercisp, effects, 530 
fatty degeno^^iJHbn of, 52 1 
granulomata^i new growths and 
parasites, 531 

hyf>ertroi)hy and dilatation of, 629, 
530 

imperfect development of, 497 
inflammation of, 526 
malformations of right ventricle 
and stenosis of pulmonary artery, 
498 

malpositions of, 500 
milk-spots in, 602 
mitral valve of, disease of, 514 
muscular fibre system, 534 
occlusion and stenosis, of coronary 
arteries, 523 

pulmonary valve of, diseases of, 518 
punctured wgAitid of, 501 
rhabdomyoma of, 533 
right ventricle of, subdivision of, 498 
rupture of, 501 ^ ‘ 

syphilis of, 531 
thrombi in the, 5|^9 
tricuspid valve, disease of, 517 
tuberculosis of, 631 
tumours of, 532 
valvular diseiwse of, 608, 614 
vascular derangements of, 600, 623 
ventricular septum, defects of, 498 
waxy, hyaline and calcareoii^ ^d eg e- 
\ nerations of, 623 If' 

Heart-block, 632, 634-536 
Heart-mnsole, cloudy swelling of, 
Hworania, 965 

Henoeh’a purpux^a, haBmorrha^ ibV^^Sd, 

no e s 
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// The red corpuscles^ at first often not seriously affected, become 
progressively decreased in numbers as the dise*ase advances. This 
decrease may, however, be comparatively slight in cases of moderate 
severity, e. g, to 3,000,000, or in severer cases perhaps to 2,000,000 per 
c.mm. In fatal cases, the mmiber may be even under 1,000,000. The 
haemoglobin is diminished in proportion . Nucleated red cells are frequently 
seen in considerable numbers, and are mainly normoblasts. In the later 
stages and jn severe cases, alterations in shape (poikilocytosis) and size 
(anisocytosis), and various degenerative phejiomena such as fragmentation 
of the nucleus, may be observed. 

Blood-plates are often increased in number. 

Changes in the Organs and Tissues : — 

Bone-Marrow. — The change in the bone-marrow is essentially a . 
leucoblastic reaction, with increased production of the granular series of 
white cells, neutrophil, eosinopliil, and basophil. The activity of the 
red marrow is enormously increased, and the fatty marrow is completely 
transformed into actively hsemopoietic tissue. To the naked eye, the 
marrow, owing "to the enormous numbers of wlj.ite cells present, usually 
shews a thick fluid, pale, homogeneous, creamy appearance, very 
much resembling pus —the so-called ‘-pyoid^ or ‘‘ puriforrn marrow, 
the colour varying-— usually yellowish, sometimes pinkish-yellow, and 
occasionally greenish-yellow. In old-standing cases, especially in elderly 
patients, atrophic and degenerative changes tend to supervene, the active 
marrow becoming transformed into inert, translucent, gelatinous material, 
which may be pale yellow to dark red in colour, or may, in some cases, 
present a patchy mixture of these. On microscopical examination, the 
marrow from a typical case of myelogenous leukaemia shews an enormous 
increase in neutrophil myelocytes especially, but also in eosinophils and 
mast-cells. In freshly prepared fihiis, evidence of this active prolifera- 
tion is also shewn by the presence of very numerous mitotic figures in 
these cells. Along with this enormous increase in granular white cells, a 
corresponding decrease or atrophy occurs in the erythroblastic elements, 
some of which may pass into the blood^stream while still nucleated. 
Large blood -destructive or haemolytic phagocytic cells are usually present 
in large numbers. The fat-cells are greatly diminished, and may have 
even entirely disappeared. The megakaryoe 3 rtes 9 or giant -cells, though 
often smaller in size than normal, are frequently increased in number. 

Bpleen. — This organ is almost invariably enlarged — as a rule, greatly 
so, especially in the more chronic cases. It usually maintains a com- 
paratively normal shape, the notches being very distinct. It may weigh 
from five to eight or even, in some cases, over eighteen pounds ; and it 
may measure eight or ten up to over twenty inches in length, its lower 
extremity (unless anchored by previous adhesions or by an abnormally 
developed costo-colic fold of peritoneum, in which case the enlargement^ 
may take place upward), usually passing downwards and to the right, 
and often coming to lie in the right iliac fossa. The eapsule may fte 
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thickened, usually irregularly, from recurrent attacks of perisplenitis; 
and there are, frequently, adhesions to surrounding structures. The 
spleen is firm and hard, and usually presents on its surface a number of 
large, yellowish-white, homogeneous, necrotic areas of infarction, most 
probably produced by thrombosis. Old infarcts, undergoing partial or 
complete absorption, may be present. On section, the spleen-tissue — 
unless softened by terminal septic infection — ^is smooth, and somewhat 
dry and firm, its colour varying in different cases, but being most com- 
monly of a homogeneous pinkish or pale red tint; and the Malpighian 
bodies are obscured and cannot usually be distinguished. Microscopic- 
aUy, the changes in the enlarged spleen vary considerably in different 
cases and at different stages of the disease. In the early stages, there is 



Fia. 281 . — Liver in Myelocyihcemia, Large numbers of cells, chiefly myelocytes, an 
between the columns of liVer-cells — ^mostly within the capillaries. x400. 

marked cellular increase ; whilst later, various degenerative processes, 
especially fibrous overgrowth of the adenoid reticulum, supervene, both in 
the Malpighian bodies and in the pulp. In the latter, there are, usually, 
marked proliferation and phagocytic activity on the part of the endothelial 
cells lining the sinuses. Some of these cells may attain large dimensions, 
and frequently shew marked increase in their normal functions of destroy- 
ing effete red blood-corpuscles, as well as members of the abnormally 
increased leucocyte-series. The pulp and its sinuses sometimes contain 
nucleated red cells in excess of those presents in the circulating blood. 
There is i|0 evidence that this excess is due to any local formation of 
these cells, and it is much more likely that they have been sifted or 
out from the blood ags abnormal, preparatory to their destruction 
the phagocytic, cellg|* It is probable that the myelocytes, also seen 
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in considerable numbers, are similarly in process of destruction. Li the 
spleen, there are thus hyperplasia and increased activity of its pulp-cells, 
an accumulation and destruction of the abnormal blood-cells, and a pro- 
gressive atrophy 'and fibrosis of its component tissues. The conditions in 
this organ are, therefore, -to be regarded as effects, rather than as a cause, 
of the disease, the organ acting as a filter and destro 3 ’'er of the abnormal 
blood-cells. Under X-ray treatment, temporary diminution hi the size 
of the organ may be produced. 

Liver. — This organ is usually considerably increased in size, but not, 
as a general rule, to such an extent as in lymphocythsemia. It is pale 
in colour, the capillaries between the columns of liver-cells, and also 
the connective-tissue framework, c. g. of the portal tracts, being crowded 
with granular myelocytes and polymorphs, many of the latter being very 
immature. These are said by some to be an ‘‘ infiltration ” or mechanical 
lodgment of increasing numbers of such cells from the blood ; but other 
and more recent observers believe that actual proliferation by mitotic 
division occurs in situ, and that the condition is a return to the heemo- 
poietic activity exhibited by the liver during fc?t.al life. Occasionally, 
localised tumour-hke nodules of such cells may occur. 

Lymphatic Glands. — These do not, as a rule, exhibit any general 
enlargement in this variety of leukaemia, though such enlargemejit may 
be seen in some of the so-called “intermediate” cases. The glands usually 
shew a ceitain. degree of hyperplasia, more especially of the phagocytic 
endothelial cells lining the Ivinph-siiiuses. 

Kidneys. — ^These organs are generally somewhat enlarged, pale, and 
often fatty. Microscopically, their capillaries and connective-tissue 
framework, e,g, between the tubules, are crowded with myelocytes'. 
Similar accumulation of these cells may also bo seen in the capillaries of 
the lungs, heart-muscle, and elsewhere. 

Haemorrhages, especially from mucous membranes, frequently occur. 
Death may result, in such cases, from large cerebral haemorrhages or from 
haemorrhage into the lungs; though extravasation of blood into other 
internal organs is not so common as in lymphocythsemia. 

2. LYMPHATIC LEUKiEMIA OR LYMPHOCYTHJEMIA 

This is said to be less common than the myelogenous form, in the 
proportion of one to ten, but, since the recognition of the occurrence of 
an acute type of the disease, larger numbers o^, cases of .lymphocythsemia 
have been reported, and the disease, especially in its acuter forms,* is by 
no means very rare in adolescents, children, and infants. Under the 
general term lymphatic leukmmia, it is probable that several closely a;lhed 
conditions are at present described; and, as already mentioned, certain 
cases appear to be intermediate in type and to form a link between the two 
main forms of the disease— myelogenous and lymphatic. Further, in 
each of these, but especially in the case of lymphocythsemia, there are 

’•Al 
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acute and chronic varieties, varying in their duration from a few weeks 
up to several years. 

Blood.— There is an enormous increase of ‘‘ lymphocytes,” or lympho-* 
cyte-like cells, whose* characters arc indistinguishable from those of the 
lymphocytes of normal blood (see Plate XIV, fig. 4). The cells are usually 
of the small variety, and these may constitute some eighty or ninety per 
cent, of the total leucocyte-count. They are, however, sometimes of larger 
size, c. g, from 10 to 15 in diameter ; and these cells may; in rare cases, 
predominate, especially in some of the more acute forms of the disease. 
The total number of lymphocytes does not usually exceed about 100,000, 
though, occasionally, much higher numbers may be met with. Except 
in certain intermediate cases above reierred to, there is, usually, no cor- 
responding increase of polymorphonuclear cells and myelocytes, either 
neutrophil or eosinophil, or of mast-cells, which may be, and usually are, 
diminished in numbers. 

Erythrocytes. — The red corpuscles are aflccted in much the same way 
as in rnyelocythaemia, except tliat nucleaied forms are usually few in 
number, or even absent, until, at all events, comparatively late in 
the course of the disease. They may, as in any profound anoemia, 
begin to appear when the erythrocytes have become reduced to less than 
half their normal number. 

Blood-Platelets tend to be diminished in numbers in this variety of 
leukaemia, rather than increased as in rnyelocythaemia. 

The Bone-Marrow usually shews great “ infiltration ” with lympho- 
cyte-like cells, and a corresponding diniiiiution or even, in large areas, 
a disappearance of the other elements normally present. This form of 
leucoblastic change is often extremely irregular in its distribution, giving 
a characteristic patchy red-aiid-white appearance to the marrow on 
section. Degenerative changes may supervene later. As to the nature 
of these lymphocyte-like cells, opinion varies greatly. Some regard 
them as an infiltration of the tissue by cells produced elsewhere, e. g. in 
the lymphatic glands ; but opponents of this theory point out that the 
marrow is often extensively affected in cases where these glands shew 
little or no change. Lately, the view, with which wc are strongly 
inclined to agree, that these cells are, in reality, earlier members of 
the myelocyte series, has gamed ground, and it is believed that the 
lymphocyte-like cells, especially the larger varieties, are simply non- 
granular pre-inyelocytes pr myeloblasts, i. e. myelocytes in which the 
granules have not yet developed. In some cases of myelocythsemia, 
many of the myelocytes may be extremely poor in granules, ^and some 
may have none distinguishable, in which case the cell closely resembles 
the “ large lymphocyte ” of Ijnnphocytheemia. Megakaryocytes tend to 
be diminished in numbers. 

Spleen* — ^This organ is not so profoundly affected as in myelogenous 
leukficmia. If enlarged, it is usually only moderately so. Its pulp is 
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crowded with the lymphocyte-like cells, and, in some cases, the Malpighian 
bodies are enlarged and hyperplastic, sometimes in marked degree. 

Lymphatic Glands, — In certain cases, there may be wide*-spread enlarge- 
ment supervening early in the course of the disease, or the enlargement 
may affect only one or more groups of glands, e,g. the cervical, the 
axillary, the inguinal, the prevertebral, or the mesenteric; and, in 
several cases observed by one of us, the glands at the hilus of the liver 
have been specially affected. More commonly, two or more of these 
groups are involved. In other cases, the glandular enlargement is not a 
marked feature of the disease. Occasioiuilly, the lymphatic enlargement 
is local only, and may resemble, say, a mediastinal tumour of the nature 



Fjg. 282. — Liver in Lymphocythcemia. Shewing Uic infiltration with small 
“ Lymphocytes." X 400. 


of a lymphosarcoma. This variabiUty in the pathological condition 
of the lymphatic glands suggests the probability that a group of allied 
diseases is in reality being dealt with, in some of which the condition is, 
apparently, primary in lymphadenoid tissue : in others, in the bone- 
marrow: whilst, in a third variety, both of these structures may be affected. 

The Liver and the Kidneys are often very markedly enlarged — ^much 
more so 'than in the myelogenous type — ^there being, sometimes, an enor- 
mous “ infiltration ” of the tissues with lymphocytes, or even the appear- 
ance of irregular nodules and masses of adenoid tissue resembling tumour- 
growth. Such organs may exhibit a unifoim dead-white appearance, 
but often white lines of “ infiltration ” may be seen along the blood-vessels 
and in the connective-tissue framework. Other organs, e.g, the heart 
and lungs, may also shew similar changes. 
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Multiple Hsemorrhages may occur. They are, as a rule, not. so pro- 
fuse as in the myelogenous type. They are often widely scattered, and 
may be found, for example, in the skin, kidney, enlarged lymphatic glands, 
etc. In some cases, they may be absent. 

When the anaemia becomes pronounced, fatty change, in varying 
degree, is found in the organs. 

These leucocythsemic diseases, therefore, bear a resemblance, on the 
one hand, to infective conditions producing excessive and aberrant types 
of leucocytosis, and, on the other, to diffuse tumour-like conditions affect- 
ing the haomopoietic and other tissues and organs. The ultimate nature 
of their causation is as yet quite unknown. 

POLYCYTHJEMIA RUBRA, CYANOSIS, ERYTHRiEMIA, ETC. 

The Red Blood-Corpuscles may be increased in number in a variety 
of conditions. Apart from the ■tempr)rary concentration of the blood 
in severe diairhcoa, etc., such increase may be in order to meet an extra 
demand for oxygen -carrying capacity on the pait of the blood, as, for 
example, at high altitudes, at which the atmosphere is rarer and its oxygen- 
content therefore less per unit of bulk. All vertebrates, man included, 
living on high mountain -ranges or plateaux, possess a number of red 
corpuscles in excess of the normal, and a. temporary visit to high alti- 
tudes, or even, it is said, an ascent in an aeroplane or air-ship, may give 
rise to a transitory increase. 

Polycythmmia and Cyanosis may also result from the rcspiiatory 
embarrassment of heart- and lung-diseases, and is often well marked in 
certain cases of congenital heart-disease, such as patency of the foramen 
ovale, ductus arteriosus, etc. In such cases of Congenital Cyanosis, the 
red corpuscles may be eight, ten, or even twelve or more million per 
c.mm. Lesser degrees of polycythsemia may be found in mitral stenosis 
and other forms of acquired heart-disease. 

In addition to the above forms, another variety of polycythflemia, 
of unknown origin, is now recognised. This has been variously termed 
Erythrsemia, Splenomegaiic Polycythsemia, Erythrocytosis Megalosplenica, 
Vaquez’s Disease, Osler^s Disease, etc., the first of these names, applied 
to it by Osier, who has called special attention to the condition, being 
perhaps the most suitable. The disease begins usually 'in middle fife, 
being of slow onset and affecting both sexes equally. The red corpuscles 
may number eight, ten, or even over thirteen million, the average being 
ten million, per c.mm., and the haemoglobin 115 to 160 or even 200 per 
cent., though the colour-index is usually below unity. The tolal number 
of leucocytes may, or may not, be increased — in about half the recorded 
cases it Was over 20,000 c.mm, — but the polymorphonuclear cells are 
usually relatively increased and may constitute 80 per cent, or more of the 
the lymphocyte^ being proportionately reduced in their percentage. 
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Myelocytes and nucleated reds occasionally appear, and the blood-platelets, 
as a rule, shew an abnormally high count. The total volume of the 
blood is increased. 

The bone-marrow shews a profound erythroblastic change, and the 
spleen is usually (though not invariably) greatly enlarged, and may shew 
infarcts. The visceral blood-vessels, especially those of the liver, arc 
usually much engorged. 

The cause Qf the disease is unknown, but the condition appears to be 
somewhat analogous to the leucocythsemias, the reaction of the marrow 
being here erythroblastic instead of leucoblastic. The enlargement of the 
spleen is due probably to its efforts to cope with the destruction of the 
abnormally numerous red cells in the blood — analogous to the leucocyte- 
destruction iff the IcucocythsDinias. (See also p. 660.) 

“ Enterogenous Cyanosis has already been considered (p. 575). 


ANAEMIA 

Introduction. — The term Anaemia has been apjJiod somewhat loosely 
to denote a variety of conditions, of which the following are the most 
important ; — 

1. Local Anmmia or Ischeemia, where the local* blood -supply of 
an area is diminished, or, it may be, entirely cut off. This condition is 
described under Disturbances of the Circulation (pp. 110 el 5c</.). 

2. Deficiency of the Total Amount of Blood in the Body, or Oligsemia. 

3. Diminution in the Number of Red Blood-Corpuscles, or Oligocythmmia 
Rubra. 

4. Diminution in the Amount of Hemoglobin (Achromatosis or 
Haemoglobansemiay, either absolutely, or relatively to the number of red 
cells. 

It is , to the last three of these, which are' morbid conditions of the 
blood itself, that attention must be given here; and, m any individual 
case, one or more of these may be present at the same time. 

Ansomias have been divided into those the cause of which is known, 
and which are therefore termed secondary anaemias; and those of unknown 
or obscure origin, which, for lack of more precise knowledge of their 
causation, are provisionally termed “ primary ” or “ idiopathic.” 

I.— ANiEMIAS SECONDARY TO SOME KNOWN CAUSE 

Many possible causes of anaemia might be enumerated, but a 
description of the following types of secondary anaemia will suffice. 

Anaemia from Loss of Blood, for example in traumatic haemorrhage, 
perforation of a vessel by ulceration (c. g, in the wall of a phthisical cavity, 
or in the base of a gastric or duodenal ulcer, etc.), 'posi-partum haemorrhage, 
metrorrhagia, haematuria, haemorrhages from mucous membranes, etc. 
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The results of these conditions, naturally, vary greatly with the jimount 
and frequency of the hsemorrhage. 

The immediate danger of a single large haemorrhage is death from 
lowered blood-pressure. A fatal issue may, perhaps, be averted by making 
up the bulk of the blood by transfusion, intravenously, or into the tissues, 
with sterile saline solution. Where this is not done, and when death 
does not supervene, the lowered pressure within the vascular system 
induces rapid transudation of the lymph from the tissues ij^to the vessels, 
and the total hulk of the blood may })e comparatively rapidly restored if 
sulFicient fluid is available. The blood is at first, therefore, more watery. 
Later, the bone-marrow and other blood-forming organs take on increased 
activity in order to replace the lost blood-cells. As has already been 
mentioned in the section upon blood -formation in the bone-marrow, 
when such an erythroblastic reaction is brought about, all the htemopoietic 
activities of the tissue are stimulated, before the marrow steadies down, 
as it were, to produce the special type of blood-cells required, in this 
case more particularly the erythrocytes. In this way is explaijied the 
occurrence of post-hsemorrhagic leucocytosis, as it i^ called, which is 
practically a constant phenomenon in such cases, the increase being 
mainly of the granular leucocytes formed in the marrow, and especially 
of the neutrophil scries. Of those, the polymorphonuclear cells are 
specially increased, and a varying numlxu’ of immature cells may also 
usually be observed. 

Even one repetition of a large lifomorrhage may greatly retard ati 
otherwise rapid return to normal, or it may lead to a fatal issue ; whilst 
repeated small haemorrhages, e.g. from bleeding piles, menorrhagia, 
hsematuria, etc., may produce very severe forms of chronic anaemia 
indistinguishable from, and perhaps becoming identical with, the so- 
called pernicious varieties. Albuminuria, over-lactation, chronic sup- 
puration, inanition from starvation, ma-1 -absorption, or other such causes, 
may, in like manner, lead to serious anaemia. 

Secondary anaemias, varying in degree of intensity, may also follow 
acute fevers and allied conditions, especially if these be of prolonged dura- 
tion, as in the case of typhoid fever. Similarly, anaemia, sometimes very 
profound, occurs as an accompaniment and consequence of such chronic 
wasting diseases or “ cachexias ” as phthisis, syphilis, cancer, malaria 
(also considered under animal parasites), etc. In several cases recently 
investigated by Carnegie Dickson, the patients suffered from profound 
anaemia, diagnosed clinically as pernicious in type, but in which, on post- 
mortem examination, innumerable minute miliary tubercles were found 
throughout the entire bone-marrow. In two of these cases*, there was 
slight old pulmonary tuberculosis, in one case subacute tuberculous 
peritonitis, and, in another, some old glandular lesions. Carnegie Dickson 
has also described a somewhat analogous condition of severe anaemia in a 
case of a young man of twenty-one, from whom a small pyloric carcinoma 
had previously been removed. No secondary growths were found at 
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the operation, but, on post-rnortem examination, the entire bone-marrow 
was found to be closely studded with innumerable secondary carcinomatous 
nodules, and the intervening marrow-tissue shewed ad'vanced gelatinous 
degeneration. Nb secondary growths were discovered in any of the 
other organs or tissues. Chronic poisoning by means of lead, arsenic, 
mercury, sulphuretted hydrogen, carbon disulphide, T.N.T. {see p. 798), 
and analogous substances, may produce a severe secondary type of 
ansomia. Anaemias of all grades, up to profound aplastic 'anaemia, may 
result from repeated or prolonged exposure of the bone-marrow to the 
more penetrating varieties of X-rays. ^ 

Blood-destruction and regeneration has also been extensively studied 
in anaemias artificially produced by the inoculation of animals with 
phenylhydmzin, saponin, bacterial toxins, tapeworm -extracts, haemolytic 
sera, and the like. 

Some of the most profound degrees of secondary anaemia known, 
and frequently simulating pernicious anaemia in type, are those pro- 
duced by the presence of certain animal parasites, especially Ankylosloma 
dnodennley Diboihriocephalus latus, and, in rarer instances, Trichocephalus 
tnchiuris and Oxijuris vermicularis. The observation that anaemia of 
this profound nature is not by any means an invariable accompaniment 
of such infections, and that the symptoihs produced by the presence of 
the three last mentioned of these -intestinal parasites arc often com- 
paratively slight in degree, has led to the supposition that — for example 
in cases of Dibolhriocephahis infeciion where the resulting anaemia is of 
a profounder type — it is produced by some superadded morbid condition 
ot the parasite itself, whereby cert,ain toxic substances are produced by it 
within the intestine of its host, from which they are absorbed and thus come 
to produce their effects. Recovery, in such cases, may occur on expulsion^ 
of the parasite, provided the aiuemia has not become too profound. 

Some blood-parasites, iiotably those of malaria, may also produce 
serious secondary anaemia, partly from actual using up of the haemoglobin 
of the red corpuscles which they infest, ami the increased destruction of 
these cells, and also probably, in part, from the action of pertain toxins 
produced by the parasites. 

Methods by which these various causes of Secondary Anaemia may 
act. — (i) Diminished Nutrition. — ^Thc digestive and assimilative capaci- 
ties of the individual may be interfered with, or his food or some of its 
essential elements may be insufficient to supply material and energy for 
the haemopoietic functions of the marrow and other blood-forming 
tissues, (ii) Diminished Activity on the Part of the Blood-forming 
Organs themselves is an important factor, and may be produced by 
the action of toxins, poisons such as lead, arsenic, mercury, alcohol, 
etc., the absence of the stimulus of normal food-products, etc. 
(iii) Again, Over-Activity of these Tissues in one direction, for example 
in the production of leucocytes of the granular series, as is seen in diseases 
characterised by leucocytosis, may lead to a corresponding diminution in 
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the output of cells of the red series. Prolonged over-activit)r, from 
whatever cause, may also lead to exhaustion of the hfieihopoietic tissues 
and consequent failure of their blood-forming powers, (iv) Or again, 
diseases such as Syphilis, which lead to degenerative changes in these 
organs, may cause a progressive atrophy and failure of their functions. 

(v) The Increased Destruction of fully-developed Blood-Cells, in the 
blood-serum, spleen, liver, bone-marrow, etc., whether brought about 6 y 
the mechanism of heomolysis (solution of the red cells), of phagocytosis, 
or by any other cause, is, of course, an obvious factor in the production 
of anaemia. Actual loss by haomorrhage has already been discussed; 
whilst other causes which may be mentioned are the increased consump- 
tion of the albumins of the blood and tissues in fevers and similar con- 
ditions ; the constant leakage of albumin in albuminuria (in addition to 
the action of retained toxic substances), etc. 

Changes in the Tissues in Secohdary Anaemias.— When the anaemia 
reaches a certain degree of severity, there may occur multiple haemorrhages, 
varying in size from petechial (e.^. in the retina or in the subserous or 
submucous coats in various positions), up to profuse haemorrhages, 
especially from mucous membranes. Tlie occurrence of dropsy is a com- 
mon phenomenon. In the )i8emol3rt.ic organs, especially the liver, spleen, 
and bone-jn arrow, there may be evidence of the excessive blood-destruc- 
tion in the shape of pigment, usually contained within phagocytic cells. 
This pigment is most commonly in the form of haematoidin; but iron- 
containing pigment or haemosiderin may also be present, especially in 
advanced cases, though not, as a rule, in such quantity as is seen in 
anaemias of pernicious type. 

y Blood-changes in Secondary Anaemias. — These naturally vary con- 
^ siderably with the cause, duration, and degree of intensity of the change, 
and also with the capacity of the luemopoietic tissues to undergo an 
erythroblastic reaction. If the loss of blood has been sudden and not 
repeated, e,^. by haemorrhage, there may be fairly rapid re-formation of 
blood, especially of its fluid constituents. The red corpuscles in secondary 
anaemias may shew abnormalities in shape (poikilocytosis) and size 
(anisocytosls), which, in the less severe types of the disease, may be 
very slight, or which may be very pronounced when the condition 
is more intense. In severe cases, nucleated reds or erythroblasts may 
appear, owing to the vascular and proliferative changes in the bone- 
marrow (erythroblastic reaction). In the cases of miliary tuberculosis 
of the bone-marrow, referred to on p. 614 , very large numbers of 
erythroblasts were present. The nucleated red cells thus occurring 
in the blood in the severer types of anaemia frequently shew frag- 
mentation of their nuclei, and it is not uncommon to find such cells 
with Bticiei which are somewhat larger and paler, i. e. development- 
^ ^y eiWier, than those of the ordinary normoblast; whilst, in certain 
ceaes, c, ff, in Dibothriocejykalus anaemia, as almady mentioned, the changes 
the red corpuscles rhay closely resenpible, and be indistinguishable from, 
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those observed in pernicious anjBmia, i, e. poikilocytosis, the presence of 
megaloblasts and megalocytes, etc. 

The leucocytes, for the reason already mentioned, may be temporarily 
increased in numbers after hsemorrhage; and, in other instances, leuco- 
cytosis, if present, may be due to the disease producing the ansemia. 
The special types of leucocyte involved will, therefore, in such cases, 
depend upon the nature of the infective or other cause at work. 

The blood-plates may be enormously increased, for examx)le they 
may be found to be three or four times their normal number, 

II.- THE SO-CALLED PRIMARYr ESSENTIAL, OR IDIOPATHIC 

ANJEMIAS 1 

. 1. CHLOROSIS 

Chlorosis is a disease which occurs almost exclusively in young women, 
esj;)ccially just after the establishment of the menstrual function, e. g. from 
the age of fourt,een to seventeen or^ later, until that of twenty-four or 
twenty-five. It is specially characterised by a relative diminution in the 
amount of haemoglobin, by a moderate diminution in the relative number 
of red cells per c.mm. {see p. 618), and by the prcseiice of some of the other 
iwdinary symx)toms of anaemia, e,g. dropsy. There is, however, no special 
tendency to the occurrence of haemorrhages ; and amenorrhoea is usually 
present. ~ 

etiology. — Nothing is yet known of the ultimate or essential cause 
of the condition. Congenital hypox)lasia or defective develojmient of 
the circulatory system and generative organs was thought by Virchow 
to have some bearing upon it. Others have thought the condition due to 
diminished capacity for the assimilation of iron. Intestinal auto-intoxica- 
tion (copraemia) has been considered by some to be the cause, as constipa- 
tion is a j)roraiiient symptom, though whether such constipation is merely a 
result rather than an (etiological factor is by no means certai n . Certain pre- 
disposing factors in its causation have long been recognised — its occurrence 
in young women being undoubtedly, in many cases, largely due to the 
special strain upon the system entailed by the establishment of men- 
struation ; whilst bad food and unhealthy hygienic conditions, and perliajis 
heredity, are also possible j)redisposing causes. 

The exact nature of the disease is still unknown, but the pathological 
condition is probably a functional insufficiency of the bone-marrow-- 
perhaps in congenitally predisposed subjects, and due to a set of condi- 
tions specially found in young women at or just after puberty. 

Death in cases of uncomplicated chlorosis is very rare, and, consequently, 
the lesions in the bone-marrow and other tissues have not been sufficiently 
investigated. In two fatal cases (one of which died from acute streptococcal 
septiceemia, and the other from thrombosis of the iliac and renal veins), which 
one of the authors has had the opportunity of examining, there was wide-spread 
gelatinous degeneration of the marrow, with diminution in the amount of 

1 As previously indicated, these are merely provisional terms indicating that 
the, causes are as yet unknown {see p. 613). 
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hsemopoietic tissue, though whether these changes are present in uncompli- 
cated cases we have not sufficient grounds for stating. 

The skin shews a greenish-yellow tinge ; and there is sometimes slight 
increase of pigment in parts. The subcutaneous fat may be normal in 
amount or even present in excess. 

In the majority of anaemias, the total mass of the blood is usually 
diminished, but in chlorosis the fact has been established, by the method 
of Haldane and Lorrain Smith, that the total mass is usually, and often 
remarkably, increased — a fact which must be borne in mind in interpreting 
the blood-count and estimation of haemoglobin in this disease (seap. 617). 
It is said that the plasma may even be doubled in total bulk (Haldane), 
and yet its specific gravity is usually not only not diminished, but is 
normal or even slightly increased — though the specific gravity of the blood 
as a whole is reduced, owing to the deficiency of red corpuscles.^ This 
increase in the amount of plasma has been regarded by some as the 
essential factor in the production of chlorosis, but the disease is not 
cured by its redaction unless, at the same time, iron is administered. 

The blood is distinctly pale in colour, and the most important patho- 
logical change in it is the marked diminution in the amount of hsemo- 
globin present, e.g. forty per cent., thirty per cent., or even twenty per cent. ; 
whilst the number of red cells may not be very much below normal, e,g. four, 
or in severe cases three-and-a-half or three millions or less per c.mm. 

The erythrocytes may shew some, and, in severe cases, considerable, 
poikilocytosis and irregularity in size, usually in the direction of diminu- 
tion rather than of increase ; but their most characteristic feature is the 
pallor of their centres, from deficiency of haemoglobin, as may be well 
seen in Plate XVI, fig. 2. 

Occasional nucleated red cells may be found, their number varying 
considerably from time to time even in the same case. They arc usually 
found in the severer cases. 

The leucocytes do not exhibit any characteristic changes. They may 
be diminished, but are more usually normal or slightly increased in 
numbers; and, in a scries of cases examined by one of the authors, this 
increase was distinct. 

The platelets are usually somewhat increased. The specific gravity 
of the blood (which, in the healthy adolescent female, may be normally 
somewhat under 1*055) may fall to 1*035 or even 1*030. The alkalinity 
appears not to be particularly altered, but the coagulability is distinctly 
greater than in other anaemias of equal degree — an important point in 
connection with the occurrence of thrombosis which has frequently been 
described in chlorosis, e, g, in the femoral or other veins, cerebral venous 
sinuses, and even, though rarely, in arteries. 

The condition rapidly improves on giving iron, and is practically 
never fatal, unless from the occurrence of venous thrombosis, or some 
intercurrent malady. 

^ See note, p. 569. 
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2. PERNICIOUS ANEMIA 

This important disease, or rather group of diseases, as it should 
probably be regarded, is also, from the fact that we arc still ignorant of 
its ultimate cause, sometimes known as “ Essential ” or “ Idiopathic or 
“ Primary Pernicious Anaemia. The term “ Progressive Pernicious 
Anaemia ” is also frequently employed to denote the progressive and 
almost uniformly fatal character of the disease. It is usually insidious 
in its onset, and is characterised by typical changes in the blood, in the 
bone-marrow, and in some of the otrher organs : and by certain clinical 
symptoms, such as the lemon -yellow colour of the skin, a varying degree 
of breathlessness, vomiting, and other digestive disturbances, irregulari- 
ties in tehaperature, and — when the anaemia reaches a certain stage — by 
haemorrhages, e. g. into the retina, serous membranes, etc., or from mucous 
surfaces. 

etiology. — The disease is specially one of adult life, and the sexes are 
practically equally liable. As already stated, the ultimate cause of the 
disease is still etitirely unknown ; but, in recent years, the causes of certain 
types of anaemia closely resembling, and clinically indistinguishable from, 
it, have been definitely established. Reference has already bpen made 
to several of these secondary anaemias of pernicious type, paiticiilarly 
those produced, under certain c(jnditions, by some intestinal parasites, 
e. g. DibotJiriocephalus lalus, Anhjlosioma d^iodenale, and, in rare instances, 
Trichocephalus trichuris and Oxyuris vemicularis. 

Other forms of secondary anaemia, very closely resembling the true 
progressive or primary pernicious form, are sometimes found in cases of 
gastric cancer, syphilis, and malaria, in wide-spread secondary malignant 
involvement, and in miliary tuberculosis, of the bone-marrow {see pp. &14 
and 616), and also following the administration of certain poisonous drugs ; 
but it is usually, though not always, possible to differentiate these by a 
careful examination of the blood. 

Certaiji phenomena characteristic of the disease have from tijiie to 
time been put forward as causal, but arc rather to be regarded as con- 
sequences of some as yet unknown cause, probably toxic in its nature. 
In this category may be placed excessive heemolysis, characterised by 
active phagocytosis of red corpuscles in the bone-marrow, spleen, and other 
haemolytic organs, and by the deposit of pigment (mostly in the form of 
hsemosiderin) in the liver, kidneys, bone-marrow, spleen, etc. Similarly, 
the defective — or rather active but aberrant— haematogenesis is a result 
of the action of some toxic or other agency, rather than itself a cause of 
disease; and the erythroblastic, and more especially the megaloblastic, 
type of transformation of the bone-marrow, so characteristic of pernicious 
anaemia, is a reaction of the tissue produced by some unknown cause. 
Such cause has been sought for in various directions, and many authori- 
ties consider that pernicious anaemia is probably brought about by some 
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toxin produced in, and absorbed from, the alimentary canal. Hunger ^ is | 
of opinion that “ Pernicious anaemia is a chronic infective disease localised I 
in the alimentary tract ; caused by a definite infection of the alimentary I 
tract, chiefly of the stomach, occasionally also of the mouth, and of the | 
intestine/' He supposes that “ the chief source of the infection is oral 
sepsis arising in connection with long-continued and neglected cario- 
necrotic conditions of teeth; sometimes, possibly, arising from other 
causes.” Long-continued pyorrhoea or suppuration of the gums and i 
teeth-sockets is a not unlikely cause hi some cases. Other writers hold 
the view that the disease arises from various lesions, functional dis- 
turbances, or specific infections of the gastro-intcstinal tract. It has 
also been said that repeated haemorrhages, c. g, from piles, abnormalities 
of pregnancy and parturition, and long-standing secondary anaemias may 
soiiietimes precede its appearance. 

Changes in the Blood. — The blood may be pale and watery ; its specific 
gravity is lowered, and may fall even below 1*030 ; its total bulk is lessened ; 
and its coagulability is much diminished. 

The red corpuscles shew a great and progressive diminution in numbers, 
for example to about 1,000,000; and, in many advanced cases, the count 
may lie between 600,000 and 300,000 per c.mm., and even lower counts 
are occasionally obtained. The corpuscles do not tend to form rouleaux. 
Poikilocytosis (Plato XVI, fig. 1) is a marked and constant feature, as are 
also great alterations in the size of the corpuscles. Unusually small forms 
or microcytes are often present, but the abnormal cells most characteristic 
of the condition are megalocytes and megaloblasts, especially the latter, 
which, after early infancy, arc found in any appreciable numbers in the 
blood only in this condition and in a few secondary ancemias of pernicious 
type, such as the Diholhriocephalm anaemia above referred to. Certain 
of these non -nucleated and nucleated red cells are of such large size — e. g. 
exceeding even 20 in diameter — ^that the terms gigantocyte and giganto- 
blast have been applied to them. Normoblasts may also be found, but 
are seldom very numerous except in advanced stages of the disease. The 
number of nucleated red cells in the blood may, in some cases, increase 
remarkably after transfusion. Both megaloblasts and normoblasts may 
exhibit karyorrhexis or nuclear fragmentation, and, very occasionally, true 
mitosis may be observed in them. The various forms of red cell frequently 
shew other degenerative changes, e, g. polychromatophiifa, punctate 
basophilia or granular degeneration, as well as the poikilocytosis already 
mentioned (see Plate XVI, fig. 1). 

Although the total amount of haemoglobin present in the blood may 
fall to thirty per cent, of the normal or less, yet, in relative proportion 
to the nurnber of red cells present, it may not only not be diminished, 
but {he amount per corpuscle may even be increased, and the colour- or 
haemoglobin-index is frequently above unity and may reach 1*5, or even 1*8, 

^ Hunter, Pernicious Anosmia ; Its Pathology, 8epUc Origin, Symptoms, Diagnosis, 
:an4 treatment, London, 1901, "^Griffin & Co., p. 245. Also numerous papers in 
‘ Lancet and British Medical Journal, 
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a ptenomenon due in part to the larger size of many of the red corpuscles, 
as well as to an actual condensation of their contained heemoglobin. 

The leucocytes are, as a rule, distinctly, and sometimes markedly, 
diminished in numbers, especially the polymorphs^ owing to the energies 
of the marrow being directed towards the production of cells of the 
erythroblastic series. Leucocytosis may, however, occur from the 
presence of intercurrent or terminal infections and conn)lications such as 
pneumonia/ Eosinophil cells, although often present in considerable 
numbers in the marrow, are not, as a rule, specially increased in the 
circulating blood. If present in the latter in abnormally large numbers, 
the possibility of the case being parasitic should be borne in mind. The 
lymphocytes may be relatively less diminished in number than the 
polymorphs. 

The number of the blood-platelets is usually much decreased. 

The condition is, therefore, a megaloblastic anaemia characterised by 
marked diminution in the numbers of all the formed elements of the 
blood . 

Changes in Other Organs and Tissues : — ^ 

Bone-Marrow. — The changes which occur in this tissue are extremely 
characteristic. They are chiefly of the nature of a marked erythroblastic 
reaction, usually pronouncedly megaloblastic in type {see Plate XVI, fig. 4). 
In advanced cases, megaloblasts may form the majority of the total cells 
present, and are usually far in excess of what might be expected from 
the examination of the blood. This megaloblastic condition of the 
marrow may, indeed, in some cases be present, where very few cells of 
this type had been observed in the circulating blood before death. 

Myelocytes and other cells of the leucocyte-forming series are usually 
much diminished in numbers, although the capacity for leucoblastic 
transformation is generally retained, and may shew itself in cases where 
pneumonia or some such leucocytosis-producing complication super- 
venes. As already mentioned, eosinophil myelocytes arc often numerous 
in the maiTow in .pernicious ansemia. 

Another phenomenon, of constant occurrence in the marrow in this 
disease, is the presence of large numbers of actively phagocytic cells engaged 
in the process of blood-destruction or ha3molysis {see Plate XIV, fig. 4). 
These cells may contain enormous numbers of red corpuscles, both nu- 
cleated and non-nucleated ; or, in other instances, they may be filled with 
blood-pigment derived from these. The red cells are not only hastily and 
imperfectly formed in excess, but are also destroyed in excess. These 
haemolytic processes in the marrow, if the amount of this tissue through- 
out the body be taken into account, form an extremely important aspect 
of the disease not yet. sufficiently recognised.^ 

^ See Carnegie Dickson, The Bone-Marrow : A Cytological Stvdy forming an 
Introduction to the Normal and Pathological Histology o, the Tissue, nmre especially 
with regard to Blood- Formation, Blood-Destruction, eU, Longmans, Green & Co.,* 
1908. 
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The fatty tissue of the marrow disappears, and the medullary 
cavities of the bones become enlarged by the absorption of the spongy^ 
and even of much of the compact, bone. The marrow is much redder in 
colour, and its appearance has suggested the comparison to red-currant 
jelly or raspberry jam. Where much blood-pigment is present, it may 
be brick-red in colour; or, where leucocytosis is superadded from the 
presence of some complication such as pneumonia, it may be of a pinkish 
or pale-red tint. 

Liver. — ^The organ may be normal in size or slightly enlarged, the 
individual lobules being often increased in dimensions, and exhibiting 
distinct outlines. It has a characteristic brownish-yellow or cafe-au- 
lait tint, dvie to the combined presence of pigmentation and fatty degenera- 
tion. The Prussian-blue reaction with hydrochloric acid and potassium 
ferrocyanide is used to demonstrate the presence of the hsemosiderin, an 
iron-containing pigment derived from the hcemoglobin of the destroyed 
blood-corpuscles. This is present in the form of small granules in, and 
to a less extent between, the liver-cells, especially at the peripheral 
parts of the lobules next the portal tracts, where it forms a darker zone 
which maj)s out the lobules distinctly. The quantity of iron contained 
in such a liver may, it is said, be as much as nine or ten times the normal 
amount. 

Spleen. — This organ may be slightly enlarged in some cases. It has, 
usually, a somewhat dark brow^nish-red colour, and may not give the 
typical Prussian-blue reaction, the reagents often producing a variable 
greenish- or bluish-black discoloration. On microscopical examination, 
marked increase of haemolytic activity is demonstrated by the presence 
of active phagocytosis, especially on the part of the endothelial cells of 
the pulp, these cells often attaining a large size and containing numbers 
of ingested red corpuscles and pigment-granules. 

Kidney . — The kidneys are usually of a pale brownish-yellow tint, 
from the presence of haemosiderin-pigment, combined with intense fatty 
degeneration in the cells of the convoluted tubules and ascending or 
secreting parts of Henle’s loops. 

Heart. — This generally shews very profound fatty degeneration. 
The condition is usually most advanced in the inner part of the muscle 
of the left ventricle. It is often distinctly patchy in its distribution, and 
may shew through the endocardium as in‘egular yellowish- white spots or 
patches, usually best seen on the papillary muscles and inter- ventricular 
septum — ^the so-called “ thrush-breast ” or “ tabby-cat ” appearance. 

The lungs commonly shew a condition of atrophous emphysema. The 
endothelium of the smaller vessels and capillaries, e. g. in the pia, omentum, 
et®., may shew wide-spread fatty degeneratioh ; and haemorrhages may 
^ found, e.g, in the retina, subcutaneous tissues, serous and mucous 
membranes, central nervous system, etc. 

In the central nervous.system, especially in the cord, various degenera- 
tive lesions have been described, for example, sclerotic changes, especially 
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in the posterior columns (see under Subacute Combined Sclerosis, 
p. 1006). These may be associated with the occurrence of haemorrhages, 
and are probably due to the action of some toxic substance circulating 
in the blood. 

The gastric and intestinal mucous membranes frequently shew a 
condition of advanced atrophy. 

The fat of the body is usually of a bright yellow tint. * 

THE BLOOD IN GENERAL DISEASES 

The condition of the blood in the Acute Infective Fevers, and in 
Septicaemias and similar conditions, has already been sufficiently dealt 
with under Leucocytosis and the Reactions of the Haemopoietic Tissues, 
especially the Bone-Marrow. For a fuller account of such changes, and 
the alterations found in the blood in general diseases such as Myxeedema, 
Exophthalmic Goitre, Tuberculosis, etc., special works on Haematology 
should be consulted.^ 

BLOOD-CHANGES IN MALIGNANt DISEASE 

One of the most important points to be noted in the study of the 
blood in malignant disease is the~great variability of the findings, not 
only between those in different varieties of tumours, but also according 
to the site, size,' and rapidity of their growth, the occurrence of metastases, 
the position of these in the body, and the superveotion of inflammatory 
changes, necrosis, haemorrhage, etc. The age and previous health of 
the patient are also important factors, and great individual variations 
occur where the characters of the disease are apparently more or les^s 
similar. It is, therefore, impossible as yet to lay down definite rules 
with regard to the blood-changes in any given case or set of cases, but 
the following generalisations may be useful. 

Simple tumours, unless the seat of inflammatory processes such as 
ulceration, or unless they interfere with nutrition {e,g, by obstruction 
of the oesophagus by pressure), usually produce little or no appreciable 
alteration in the blood. The same is generally true of small, slow-growing 
malignant tumours. With large, rapidly-growing tumours, however, it 
is otherwise, especially if metastasis occurs. 

In Cancers of this description, a secondary anaemia, varying in severity 
from’ a mild to a very severe type, may be present. A common degree of 
such anaemia is where the red corpuscles number about four to three-and-a- 
half millions, but, in severe cases, they may fall to a much lower figure, and 

1 Ewing, Clinical Pathology of the Blood, Kimptoii, London, 2nd edition, 1904. 

Cabot, Clinical Examination of the Blood, Longmans, Green & Co., London, ^ 
5th edition, 1904. 

Carnegie Dickson, The Bone-Marrow, Longmans, Green & Co., London, 1908. 

Gulland and Goodall, The Blood : A Guide to its Examination and to the Diagnosis 
and Treatment of its Diseases, W. Green & Son, Ltd., Edinburgh. Second Edition, 
1914. 
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come to simulate the condition in pernicious anaemia. The red c6rpuscles 
appear to be more delicate and more easily destroyed than usual. 
Poikilocytosis frequently occurs, and, in some cases, may be very extreme. 
Nucleated reds are common, and are usually normoblastic in type, though 
megaloblasts are occasionally found in severe and advanced cases. The 
colour-index is usually low in proportion to the number of red cells, i. e, 
they are pale and poor in blood-pigment, even when a comparatively 
high count is found. The specific gravity of the blood is lowered, being 
usually roughly parallel with the amount of haemoglobin present. 
Coagulability is generally little altered or, perhaps, slightly decreased. 
Where the bone-marrow itself is the seat of wide-spread secondary growths, 
a progressive anaemia, aplastic in type, may be found, which, in some cases, 
may come to simulate pernicious anaemia. 

Considerable attention has been given to the question of the presence 
or absence of leucocytosis in cases of cancer; and here, again, the results 
of investigation shew wide divcrgeiice in different cases, according to 
the nature and site of the tumour and the occurrence of secondary changes 
in it, and the other variable factors already mentioned. Leucocytosis 
may be absent or slight where the tumour is small and slow-growing; 
but, where growth is rapid, and especially if wide-spread metastasis occurs, 
marked increase of white cells, particularly polymorphs, may be found. In 
microscopical sections of such tumours, at the spreading margins, and in 
areas shewing necrotic softening, there is, not infrequently, a certain, and, 
in some cases, a considerable, degree of polymorphonuclear infiltration. 
Similarly, where ulceration or other inflammatory processes supervene, 
leucocytosis resembling that due to ordinary inflammation, with regard 
both to the number and character of the white cells, is produced. 

In some instances, however, notably in cancer of the oesophagus, 
unless inflammation or secondary spread occurs, the number of the 
leucocytes may not only not be increased, but may be actually diminished, 
probably from interference with nutrition. 

Leucocytosis tends to occur in cases where there is haemorrhage, 
in gastric and uterine cancers. It is also said to be specially pro- 
nounced in cancer of the kidney (Cabot), pancreas, or thyroid. 

In cancer of the stomach, without haemorrhage, ulceration, or meta- 
stasis, leucocytosis is relatively infrequent, and the normal digestion- 
leucocytosis, occurring after a meal, is usually absent — a phenomenon 
which, however, is^of only relative importance, as a similftr absence of 
digestion-leucocji;osis has been observed in catarrhal conditions of the 
stomach, and in cases of debility from other causes. 

In cd.ncer of the liver, distinct leucocytosis is 'present in rather more 
' than half the cases, especially in their later stages ; and, in these cases, 
is usually also marked ansemia, with diminution in the amount 
of haemoglobin. 

In intestinal earcinema, the records are extremely variable, though 
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an increase of white cells is usually to be ob^served in most cases of cancer 
of the abdominal organs, probably from the ready occurrence of haemo- 
rrhage and secondary inflammatory changes. 

In the case of mammary cancers, moderate leucocytosis is frequently 
present, but its presence and degree are extremely variable. 

On comparing the blood-changes above detailed for cancer with 
those found in sarcoma, it may be said that, on the whole, they are some- 
what similar, but usually rather more constant and more pronounced 
in the latter class of malignant tumours. The red corpuscles are, as a 
rule, diminished, e.g. to four or three^ millions or less, the hsemoglobin- 
percentage, averaging about fifty per cent., though it may fall much 
lower. The white cells, though in a few cases they may remain practically 
unaltered, more commonly exhibit a rise to fourteen or fifteen up to 
forty or fifty thousand, or even more. This increase, though usually 
mostly of the polymorphonuclear cells, may occasionally be largely a 
lymphocytosis, especially in certain sarcomatous affections of lymphatic 
.glands (see p. 611), The occurrence of a few myelocytes in the count is 
comparatively common. As in the case of cancer, there may be little 
alteration in the blood where the sarcomatous growt.h is small, slow- 
growing, and without metastasis. • • 

After the operative removal of a malignant tumour, the leucocytosis, 
if present, usually gradually disappears ; and its return may herald the 
regrowth or recurrence of the disease. 

HAEMORRHAGIC DISEASES 

HAEMORRHAGES, in and from serous and mucous membranes, in 
the skin, etc., varying in size from those of petechial dimensions up to 
large effusions, may occur in various diseases. These may be “ sympto-* 
matic ’’ or secondary to some known or unknown cause : for example, 
the sb-called “ symptomatic purpura ’’ seen in many infective diseases 
such as pneumonia, cerebro-spinal fever (for this reason often called 
“ spotted ” fever), pyaemia, acute liver-atrophy, the septicaemias, 
smallpox, etc. Haemorrhage into the medulla of the suprarenals is 
frequently seen in cases of diphtheria, cerebro-spinal fever, typhus and 
certain other acute diseases. Such haemorrhages are probably due to the 
deleterious action upon the blood-vessels of the toxins of these diseases 
(cytotoxins, endotheliolysins, etc . — see Immunity, pp. 468-9; and also 
cf, p. 284). Similarly, haemorrhages may be due to the action of 
poisonous drugs (e.g. iodides), snake-venom, and certain other animal 
and vegetable poisons; and they may occur in the auto-intoxication 
of jaundice — ^probably from the action of the bile-acids — ^and in any 
severe grade of anaemia, and in some cachexias. They are also de- 
scribed as occurring in certain nervous diseases. Mechanical causes 
which bring about great venous engorgement may produce them, e. g, 
strangulation, drowning, etc. 

42 
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There remain certain cases in which all these recognisable causes can 
be eliminated, and in which hsemorrhages occur from setiological factors 
which have not yet been ascertained. Such cases, according to their 
outstanding features, have been grouped under certain names, the most 
important of which are Purpura Hsemorrhagica, Haemophilia, and Scurvy, 

PURPURA HiEMORRHAGlCA (WerlhofI) 

This is a disease, varying in severity, and occasicjaally very rapid and 
fatal in its course, in which numerous smal|gr (ft larger hsBmorrhages 
occur. These may take place into, or from, pra«^Uy any of the tissues or 
organs of the body, but are specially liable to occur in the skin and from 
mucous membranes. In many of the reported cases, various bacteria such 
as StreptO’ and Staphylo-c(xx)i,Pneumoc(Xici, anthrax-like b^cHByand other 
organisms, have been isolated; but, in other cases, the bacteriological 
examinations have been negative. Ewing suggests that these latter 
cases are probably acute manifestations of Haemophilia, Other writers 
describe lesions in the suprarenals, especiaUy haemorrhages, and are 
inclined to regard them as causing the haemorrhages elsewhere. These 
may, however, merely be themselves symptomatic. 

In all cases of purpura, there is anaemia, which may become very 
profound, and which is accompanied by great diminution of haemoglobin. 
Polymorphonuclear leucocytosis is found in the infective cases, but is 
generally absent in the haemox^hilic type. Affections of the joints are 
common, a fact wliich has led to some cases being termed Rheumatic 
Purpura. 

Various haemorrhagic conditions may occur in infancy and early 
chifdhood, some of them resembling purpura heemorrhagica. In certain 
of these, syphilis appears to play an important part, whilst others, e. g, 
epidemic hsemoglobinuria and meleena neonatorum, are probably due to, 
as yet unknown, infective agents. In congenital obliteration of the bile- 
ducts, hsemorrhages are of frequent occurrence, as in other diseases 
accompanied by jamidice. 

The coagulability of the blood does not appear to be specially altered/ 
but retraction of the clot is said to be deficient (Hay cm). 

Henoch’s Purpura, a condition which may occur at any age, but which 
is relatively more frequent in children, is characterised by more or less 
acute abdominal symptoms, such as colic, vomiting, and lisemorrhages 
into the walls and lumen of the stomach and intestines, together with 
pain and swelling in the joints, and a purpuric skin-enxption. The attacks 
may^ be recurrent, and the patient may die from peritonitis or other 
complications^ 

BAMOPHiLIA, OR ‘^HEMORRHAGIC DIATHESIS’^ 

Persons wlxo sufier from this disease — ^usually young males — appear 
to be herfeditaiily priwjis^^ to the occurrence of haemorrhages, which 
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may be extremely severe, and even fatal, and may arise from the most 
trifling injury, such as a blow, a scratch or small cut, or the extraction 
of a tooth, or even without any evident exciting cause. The work of 
Wright and others ha6 shewn that the coagulation-time of heemophilic 
bl^d is Increased — sometimes greatly so. Many hypotheses as to the 
reason for this delay have been advanced, such as diminution in the 
calcium-content of the blood, etc. Addis, ^ in his work on haemophilia, 
however, states that the calcium-content is not diminished. He Considers 
that : ‘‘ the proximate cause of the delay in coagulation is the slowness 
Of the formation of hsemophilic thrombin/’ oyring to a qualitative (but not 
quantitative) alteration in the prothrombin, which reveals itself in the 
longer time required for the change into thrombin {see p. 570). He 
discovered ilo appreciable abnormality in the other factors, viz. the 
amount and coagulability of the fibrinogen, and in the amount and 
activity of the thrombokinase and calcium; and he found no substance 
in haomophilic blood, not present in normal blood, which hinders the 
forrnation of thrombin. The disease, as stated above, specially affects 
males, and appears to be transmitted by the mother. Beyond a slight 
diminution in the number of the leucocytes, especially ^the polymorpho- 
nuclears, described by Wright, no characteristic histological changes in 
the blood or organs have yet been demonstrated. 


SCURVY, OR SCORBUTUS 

This disease consists of a severe anmmia, unaccompanied by leuco- 
cytosis, unless from the presence of some inflammatory or other cym- 
plication. It is characterised by great debility, spongy swelling of the 
gums, pyorrhoea, loosening and falling-out of the teeth, and bleeding 
from the swollen gums and elsewhere. Subperiosteal and intramuscular 
heemorrhsiges are frequently found, especially in the lower limbs. Scurvy 
arises as a result of unsuitable food and unhealthy hygienic conditions 
of life, and specially attacks badly-fed soldiers or sailors who are exposed 
to hardships under unfavourable conditions with regard to light and air, 
and who are deprived of fresh vegetables in their diet. It is doubtful 
whether these conditions alone are capable of producing the disease, 
or whether there is also an infective agent at work; but, unless the cases 
have. already progressed too far, recovery is usually rapid when fresh 
vegetables, lemon-juice, and fresh, in place of tinned or salted, meat 
— i. c. substances containing the necessary vitamines — are added to the 
patient’s dietary, and hd is placed in healthy surroundings: 

An Infantile form of Scurvy (Barlow’s disease) occurs, most commonly 
in weakly, hand-fed infants, especially if also in bad sanitary surroundings. 
In these, the disease closely resembles the condition found in the adult ; 

‘ ^ Addia, “The Pathogenesis of Hereditary Hsemopliilia,’* Jmr. Path, and BaeL, 
vol, XV., No. 4, p. 427. *■ 
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tissues of the orbits and eyelids (producing proptosis, bl Jj -J' 
are common. Rarefaction of the bones 

usually present, and the condition is frequently associated with the 
occurrence of rickets. 

di~». 0 / lie bleed, 

p;",s.s!’-.rsrw!!i i~ Iw Th. prj.i;r 

wnnected with Thrombosis are ako considered under Thrombosis, 
pp. 137 et seql\ 



CHAPTER XVI 

DISEASES OF THE LYMPHATIC SYSTEM 

SEROUS MEMBRANES 

Diseases of these structures are described under their respective 
systems {see* under Pericardium, Pleura, Peritoneum, etc.). 

LYMPHATIC VESSELS 

LYMPHANGITIS, or inflammation of lymphatic vessels, may be acute 
or chronic. Tlie acute condition is the result usually of septic infection, 
e. g. ill dissection or 'post-mortem wounds and similar conditions. The 
inflamed lymphatics are seen upon the surface, e. -.of the arm — ^in a 
case of poisoned wound, say, of the finger — as narrow, bright red, more 
or less straight lines, running from the fociis of infection towards l:he 
nearest groups of lymphatic glands — m this instance the epitrochlear 
and axillary. The changes in and around these vessels are very similar 
to the phenomena ' seen in inflammation of veins, viz. inflammatory 
swelling of the intimal endothelium and the other coats of the vessels, 
leucocyte-infiltration and oedema of the surrounding tissues (perilymph- 
angitis), and, perhaps, thrombosis of the lymph in the lumen of the 
vessel. The proliferating cells of the endo- and peri-thehal coats of 
lymphatics are an important source of the large mononuclear cells of 
exudates in many inflammatory conditions. Long continued or repeated 
attacks may lead to chronic lymphangitis, a condition which is seen in 
an exaggerated form in elephantiasis {see p. 435). 

Chronic lymphangitis is often due to some specific infective agent, 
especially the organisms of tuberculosis, syphilis, glanders, and allied 
diseases. Tuberculous lymphangitis is well seen in the subperitoneal 
lymphatics and lacteals which become infected from a tuberculous ulcer 
of the intestine, where they may be observed as whitish lines dotted with 
small tuberculous granulations. Tn glanders, the lymphatic trunks are 
specially affected, and shew as thickened cord-like masses — ^the so-called 
farcy-pipes seen in the horse. 

LYMPHANGIECTASIS,— Congenital lymphangiectasis may occur in 
various forms, e. g. in a more or less circumscribed form in lymphangiomas 
{see p. 321), or in a more or less diffuse variety affecting the tongue 
(macroglossia), lip (macrocheilia), or vulva. 

In its acquired form, the condition seldom arises from obstruction of 

629 
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the flow in the lymphatic channels. In cases of filarial Infection, however, 
the presence of the adult worm, Filaria bancrofti, may produce an irregular 
varicose condition of the lymphatics of the groin, pelvis, and abdomen; 
or the impaction of the prematurely discharged ova or coiled-up larvee 
of the parasite may lead to wide-spread obstruction of the smaller lymph- 
channels, this — along with recurring inflammatory attacks — producing 
the condition of elephantiasis. The lymphatics may rupture and lead to 
the escape of chyle, e. g. in filarial infection, giving rise to chylous ascites, 
chyluria, chylocele, etc., according to the site of rupture {see p. 436). 
Chylous ascites may also occasionally arise from the pressure of 
tuberculous glands, etc., upon the receptaculum chyli. 

Dilatation-cysts, usually minute in size, are very common upon the 
lacteals in the intestinal wall or mesentery, and may be recognised by 
their milky, fluid contents. 

NEW GROWTHS.— Primary tumours of lymphatic vessels are some- 
what rare. They are usually congenital, and may occur as plexiform, 
or, more commonly, as cavernous, lymphangiomata, e.g, in the skin 
and subcutaneous tissue, or, very rarely, in the ovary, hilus of the kidney, 
and elsewhere. Occasionally, they may be combined with adenomatous 
tumours, e.g. in connection with the parotid, pituitary, and other glands. 
Cystic tumours of lymphatics or hygromas may be found about the neck, 
face, and elsewhere. Cystic formations may also occur in connection 
with serous membranes, usually as diverticula which may become shut 
off from the main sac, e, g, ganglia in the case of synovial membranes. 

Secondary infiltration along lymphatics is very common in the case 
of malignant tumours, especially cancers and melanotic sarcomas.^ 

LYMPHATIC GLANDS 

The lymphadcnoid tissue of the body is not found, only in the form of 
lymphatic glands, but also in the Peyer^s patches and solitary follicles of the 
intestine, lymphoid tissue of the tonsils and pharynx, the bronchial lymphoid 
sheaths, periarterial lymphoid tissue of the spleen (Malpighian bodies), mesen- 
tery, and elsewhere, and in the thymus gland before it atrophies. In all of 
these, the lymphadenoid tissue may be affected and react in very much the 
same way in various pathological conditions, the differences depending mainly 
upon the anatomical distribution of the tissue. 

Practically all the lymphatic trunks draining the tissues oithe body pour 
their contents into the lymphatic glands, which are arranged usually in groups. 
These act as filters for the lymph as it passes through them into the efferent 
vessels, and they are therefore specially liable to infection by bacteria or 
other infective organisms carried in the lymph, as well as to the deposit in 
them of tumour-cells, and of pigment or other particulate substanees brought 
to them in the same way. 

* The afferent lymphatics, before entering the substance of the gland, break 
up into a fine network upon its surface. Prom this, the lymph is carried by 
fine channels into the lacunar system of lymph-sinuses in the cortex, and then 
, ^rough a similar netwi^k in the medulla, from which it is collected fay several 
If^hannels which unite in the hilus of the gland to form the efferent lymphatic 
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vessel. Organisms, tumour-cells, and particulate substances brought by the 
lymph-stream are thus specially liable to be caught in the surface plexus, 
in the sinuses of the cortex and medulla, or in some other part of the filtering 
system alluded to; whilst similar substances brought by the blood-stream 
are more likely to afieot the lymph-follicular system of the gland, on account 
of the fact that the arteries, after entering the gland and running in the trabec- 
ulso, are distributed mainly to this element of the glandular structure. For 
this reason, the lymph-follicular tissue is also very readily afiected by anything 
causing hypersemia of the glands, and by inflammatory, septic and toxic 
conditions acting through the blood-stream. The reticulum of both the 
lymphadenoid and the sinus systems is composed of fine cells with branching 
and anastomosing processes and fibres, around which are wrapped flattened 
endothelial cells which readily react in certain pathological conditions. In 
the lymphadenoid areas (lymph-follicles or cords), the meshes of this reticulum 
are occupied, by the closely packed lymphoid cells or lymphocytes. 



Fia. 283. — Soction of Normal Lymphatic Gland. In the capsule aro noon sections of the 
ploxuB formed by the afferent lymphatics. Tho darker areas are the lymph -follicular 
cords, to which a small artery is seen passing (in centre of section). The paler areas 
are the lymph-sinuses, x 60. 

•The classificjition of diseases characterised by enlargement of the 
lympha^e glands, or of the spleen, or of these structures together, is a 
problem of great difficulty ; and, frequently, it is only by examination of 
the blood that such cases can be differentiated from one another. Thus, 
in their clinical history and naked-eye morbid anatomy, some cases of 
lymphadenoma or Hodgkin’s disease closely simulate leucoeythsemia, 
whilst, in other respects, they closely resemble chronic infective glandular 
overgrowths such as may occur in tubereulosls, syphilis, and similar 
conditions. . In other instances, it is difficult to differentiate cases of 
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lympbadenoma from true tumour-Iormattons such as lymphomas and 
lymphosarcomas ; whilst cases of splenic anasm/a form another group 
which must be differentiated from them. 

Whether these diseases should be classified as morbid conditions of 
the blood, or as diseases of the lymphatic glands ttnd spleen, is a much 
debated point, but, as has already been indicated when discussing per- 
nicious anaemia and the leukaemias, many conditions formerly described 
and classified as “ primary blood-diseases ” must now ba regarded as 
manifestations of certain reactions in the blood-forming tissues, produced 
by infective or other causes of known or unknown nature. Much of what 
has already been said with regard to the role played by the bone-marrow 
in such conditions may, therefore, also be applied to the hsemopoietic tissues 
concenied with the production of the lymphocytes, viz. the lymphatic 
glands, spleen, and lymphoid tissues generally; but it must be borne 
ill mind that these tissues, just as in the case of the marrow, also possess 
impoitant phagocytic, cytolytic, and other functions, which may become 
exaggerated or perverted under pathological conditions. 

ATROPHY of lymphatic glands, and of lymphoid tissue generally, 
is found as a senile condition. It is accompanied by fibrosis of the 
gland-tissue, with diminution in the number of lymphocytes — of which 
there is less active proliferation — associated with the diminished meta- 
bolism of old age. Similar senile atrophic changes arc found in the 
Malpliigian bodies of the spleen, in the Peyer’s patches and solitary 
lymphoid follicles of the intestine, and in lymphoid tissue elsewhere. 
The lymphatic glands become smaller and firmer, though their bulk 
may be partly maintained by the infiltration of certain areas with fat 
— a phenomenon also observed not infrequently in, say, the axillary 
and other glands in the neighbourhood of scirrhus cancer of the 
breast, quite apart from, as well as in association with, any pheno- 
mena due to secondary infiltration of the glands with tumour- tells. 
Atrophy of the lymphadenoid tissues, in association with atrophy of 
other tissues, is also seen in many wasting conditions, and is often very 
marked in marasmlc infants and children. 

WAXY or AMYLOID DEGENERATION.— The lymphatic glands 
arc a not infrequent seat of this change. The glands may be enlarged 
and indurated. On section, they may shew little apparent alteration 
to the naked eye, and require microscopical examinatior/ with special 
staining reagents ; or they may present a pale, whitish, shining appear- 
ance, with small translucent points which stain dark brown with iodine. 
The change is usually most marked in the connective tissue around and 
in the walls of the arterioles and the capillaries arising from them. It 
is best seen, therefore, at the centrea of the lymph-folUcles, where these 
vessels are situated. The degeneration affects also the fibres of the 
adenoid reticulum. The affected structures shew the usual homogeneous 
swelling, and the characteristic staining reactions with methyl violet. 
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etc. The intervening cellular elements, especially the lymphocytes, 
become correspondingly compressed and atrophied. 

PIGMENTATlOlf.— Foreign particles may be carried toj and deposited 
in, lymphatic glands', which, as already explained, act as filters for the 
lymph-stream. Such'particles are usually contained within phagocytic 
cells — polymorphonuclear or mononuclear, as the case may be. These 
cells, which have taken up such pigment from the area drained by the 
lymphatics passing to some gland or group of glands, carry the particles 
to these glands, and may either deposit their contained particles in them, 
or may themselves, along with their conteijts, be englobed by the actively 
phagocytic endothelial cells lining the lymph-sinuses, etc. Such particles 
are deposited, first in the peripheral network on the surface of the gland, 
then in the'lymph-sinuses of the cortex and of the medulla. They may 
also be found later in the lymphoid follicular tissue of the cortex ; and, 
lastly, the whole glandular structure may be crowded with pigment. 
The commonest variety of such glandular pigmentation is to be seen in 
the bronchial glands, to which particles of carbon inhaled into the lung 
are carried. A considerable degree of such pigmentation is present in 
practically all town dwellers, but it occurs in its most exaggerated form 
in anthracosis or (ioal-miiiers’ disease, in cases of wdiich the pigment is 
not only carried from the lung to the bronchial glands, but it may be 
foutid ill the mediastinal and abdominal glands, and, in extreme cases, 
in practically all the lymphatic glands of the body. 

Particles of stone and other pigments may be found under similar 
circumstances. In tattooing, a large part of the pigment introduced under 
the skin is carried by phagocytic cells to the neighbouring lymphatic 
glands. In the same way, large quantities of blood-pigment may be 
fomid in glands near haemorrhages or wounds. 

Such pigment, of wliatever nature, is usually contained within cells — 
first in the phagocytic wandering cells which bring it to the gland,' and 
then in the endothelial cells lining the lymph-sinuses. When pigment- 
ation of the follicular tissue occurs, the particles are often deposited and 
found free. 

The presence of pigment leads to proliferation of the endothelial cells 
of the sinuses, and to progressive thickening of the reticulum, apparently 
from defective nutrition from interference with the functions of the 
investing cells which govern the nutrition of the fibres. These changes 
lead to compression-atrophy of the lymphoid cells, and may end in complete 
fibrosis of the whole gland-structure. 

LYMPHADENITIS. — Acute inflammatory changes are very common 
in lymphatic glands, as these structures are, from their anatomical position 
and functions, extremely liable to become affected by septic irritants. 
These may be either the toxins of bacteria or other organisms, or the 
organisms themselves; and, in many cases, both these factors are at 
work. Such irritant material may be carried to the glands either by the 
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lymph- or by the blood-stream; and, in each of these instances, the 
lesions may differ somewhat, according4o the distribution of the lymphatics 
and of the blood-vessels. Thus, irritants brought by the latter will act 
first upon the lymphoid follicles of which there may be hyperasmia, 
swelling and softening; whilst the sinus-system may be most affected 
where there is lymphatic infection. Bacteria reaching the glands in the 
latter way, tend first to infect the surface plexus of lymphatics, then the 
sinuses of the cortex and of the medulla, and, lastly, the lymphoid tissue. 
In the majority of infections, however, all the structural elements of the 
glands are usually affected together, though often in varying degree. 

In Acute Lymphadenitis, whether due to soluble toxins or to organisms, 
there is usually distinct, and sometimes very marked, swelling of the 
glands — varying considerably, however, according to the nature of the 
irritant. There is usually softening, sometimes considerable, and, in 
extreme cases, necrosis of the gland-tissue. In the earher stages of the 
inflammation, there is at first, hyperaemia, shewing as small points of 
congestion corresponding to the lymph-follicular cords, but later becoming 
more diffuse and presenting a pale rose-pink tint, which, however, may 
rapidly pass off ~~e. in a fcAV hours — as the gland-tissue becomes swollen 
and packed with cells. Fibrin is often present in considerable amount. 
In intense cases, hemorrhages may occur. These may be punctiform: 
or, in some mstanccs, diffuse — e. (j. in the bronchial glands in woolsorters’ 
disease. Where hsemorrbages do not occur, the colour of the inflamed 
glands rapidly becomes paler, and then of a whitish or yellowish-white 
tint, the whole gland structure becoming crowded with cells-— lympho- 
cytes, proliferated cells from the endothelial and perithelial cog,t8 of 
the lymphatics, and polymorphonuclear leucocytes. In some cases, the 
causal organism may be found, e. g. B. lyphosm 'm the mesenteric and other 
glands ill typhoid fever, Staphylococci, Streptococci, B, anthracis, etc.; 
but, frequently, such organisms raxiidly disappear as a result of phago- 
cytosis. In bubonic plague, enormous numbers of B, pestis may be seen 
closely packed and completely filling the lymph-sinuses, and can be 
obtained during life by puncture of the infected glands. One or more 
groups of- these enlarged glands or buboes may be found, occurring first, as 
a rple, in the groin, or, less frequently, in the axilla or elsewhere, according 
to the original site of inoculation. The intense inflammatory reaction 
and swelling is usually hsemorrhagic in character, and spreads to the 
surrounding tissues, matting the glands together. Necrotic softening 
may supervene, in which case the causal bacteria diminish in numbers 
and may be 4ifficult to find. In soft sore or soft chancre, butoes often 
occur in the inguinal glands, and Ducrey’s bacillus, with or without 
superadded pyqgenetic bacteria, may be obtained by gland-puncture. 
The inflammatory process may spread to the periglandular tissues, 
and neighbouring glands may become matted together by an oedematous 
and gelatinous-Eke inflitomaitory material. 

Where the inflaminatton has not been too severe^ it may firraduallv* 
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pass off; but there is usually left some degree of enlargement and indur- 
ation ; and, especially if there hav%been n?peated acute attacks, a chronic 
fibroid condition, with atrophy of the lymphoid cells, usually supervenes. 

The presence of pyogerietic bacteria may lead to suppuration, com- 
mencing as. minute purulent foci, which may become confluent and lead 
to the formation of an abscess, confined to one, or to a fused group of 
glands ; or spreading to the periglandular tissues, and, if on the surface 
or near a cayity, usually rupturing and discharging its contents. 

Chronic Lymphadenitis may be duo to long-continued irritation. 
Apart from tuberculosis and syphilis, it jnay result from recurrent acute 
attacks ; or it may be due to the presence of pigment (see above), e.g. 
carbon-particles in the case of the bronchial glands. The lesion, in such 
cases is practically alw^iys a chronic fibrosis with atrophy of the cellular 
elements. Where calcification occurs, chronic tuberculosis is the com- 
monest antecedent lesion. 

LYMPHATIC TUBERCULOSIS 

TUBERCULOSIS OF SEROUS MEMBRANES. (See under Peri- 
cardium, Pleura, Peritoneum, etc.) 

TUBERCULOSIS OP LYMPHATIC VESSELS has already been de- 
scribed (see p. 029). 

TUBERCULOSIS OF LYMPHATIC GLANDS.—This condition of 
lymphatic glands may be acute or chronic, and infection may occur either 
by way of lymphatics or of blood-vessels — very much more commonly 
by the former of these channels. In some instances, the tuberculosis of 
the lymphatic glands is primary. Thus, the mesenteric glands may be 
iiifected by tubercle bacilli which pass directly through the intestinal 
mucous membrane into the afferent lymphatic channels or lacteals, and ^ 
so find their way to the glands ; or the cervical glands may be similarly 
infectfed by organisms which pass through the tonsils, pharyngeal mucous 
membratie, etc. Frequently, however, some' catarrhal inflammation may 
be present and aid the entrance of the bacilli through the mucous mem- 
bran^, e.g. of the intestine. In the case of the tonsil and pharyngeal 
lymphoid tissue, actual tuberculosis of these structures, with formation 
of giant-cell systems, is common, and, a certain proportion of cases of 
supposed primary tuberculosis of cervical glands, is undoubtedly due to 
secondary infection from the primary tuberculous lesions in these tissues. 

Secondary infection of lymphatic glands, due to the spread of the 
bacilli from some other focus of disease, is extremely common, for example 
in the case of the bronchial and other mediastinal glands in tuberculous 
disease of the lungs ; though, in this connection, it should be mentioned 
that the lung-tissue itself is very frequently infected by way of the cervical, 
mediastinal, and bronchial glands, the entrance of the bacilli being 
effected by the mouth, nose, or ear — perhaps most frequently from 
carious teeth or by way of the tonsils. Such infections are commonest 
jin childhood and in early adult life, but may be found at almort any 
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Fig. 284- — Mass of Tuberculous Cervical Glands from a case simulating 
Hodgkin’s disease. 



Fio, 286,— TubensuloBiis of Mesenteric Glands in child (Tabes mesenterica). 
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age. The glands at the brim of the pelvis, especially towards the right 
iliac fossa, are often aSected in young adults, infection occurring probably 
by way of the csecum or commencement of the ascending colon. Infection 
of the mesenteric glands — tabes mesenterica — has already been mentioned, 
and occurs especially in childhood, the chain of glands at the ileo-csecal 
junction being particularly liable to infection, though any or all the 
mesenteric glands may be affected; and, from them, the disease may 



Fig. 286. — ^Tuberculosis of Retroperitoneal Lymphatic Glands, around 
Abdominal Aorta (from same case as fig. 284). 


Spread to the retroperitoneal and other abdominal groups, and to the 
mediastinal and bronchial glands, etc. 

Tuberculosis of lymphatic glands may remain localised for a very 
long period, and gradual spontaneous recovery may take place; but, 
more commonly, the condition produces secondary infection of other 
ginniifi, and leads to more wide-spread tuberculosis. Such extension 
may be either acute or chronic, and, in the latter case, it may be very 
gradual. 

Before the discovery of B. tuberculosis, it was difficult to classify 
many of the markedly diverse types of glandular lesion which are noufc 
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known to be produced by it. In any given case, two sets of prO€esS6S 
may. be observed in the tuberculous lesions, (1) destructive changes 
produced by the bacilli, e.ff. caseation, softening, etc. : and (2) reparative 
changes on the part of the tissues, mostly of the nature of cellular pro- 
liferation and fibrous-tissue overgrowth, by means of which an attempt 
is made to localise or isolate the bacilli. These changes vary in degree, 
the variation being dependent on the resistance of the individual and on 
the general characters of the bacilli. The more acute and, virulent the^ 
action of the bacilli and their toxins, the more wide-spread the necrosis 
and caseation, especially if the resisting power of the tissues is feeble; 
whereas, if resistance is good and the action of the bacilh weaker, 
overgrowth of the tissues of the glaiid occurs around the %sion. 

The following types of tuberculous lesion in glands nlay be dis- 
tinguished : — 

1. Giant-cell systems, with the usual epi- or, more accurately, endo- 
thelioid and lymphocyte-like cells around them. This form may be 
either acute or chronic, and is well seen in the bronchial glands in cases 
of phthisis. The affected glands may shew little change to the naked 
eye; or minute, white, or greyish-white, nodules, best seen in pigmented 
glands, may be present, the intervening gland-tissue often presenting a 
congested pir)kish appearance. Such glands may gradually become 
fibrous, with the occurrence of little or no caseation. 

2. In other instances, glands may undergo rapid caseation* The 
minute multiple areas, first observed, enlarge, coalesce, and come to 
present a whitish or yellowish-white appearance like the cut surface of a 
potato or cheese. This condition may spread throughout the whole^ or a 
large part, of the gland; and, when this is the case, it is not uncommon 
to find necrotic softening and an abscess-like condition supervening; or 
the caseous material, contained within the thickened fibrous-tissue capsule 
of the gland, may, in whole or in part., become infiltrated with lime-salts 
and become of stony hardness — a condition most frequently seen in the 
bronchial or mesenteric glands. 

3. In some cases, the lymphatic glands may become enlarged, with 
great proliferation of the endothelial cells of the lymph-sinuses. These 
cells separate off and become rounded, and may be found in great numbers 
in the sinuses, causing compression-atrophy of the lymph-follicular cords, 
which do not become proliferated. This condition, before its tuberculous 
nature was recognised, was described as ‘‘ large-celled hyperplasia ’’ of 
lymphatic glands, somewhat similar change occurring also in syphilis. 
Sometimes no giant-celled systems can be found in such glands, and it 
may be difficult to differentiate them from other chronic inflammatory 
conditions. Moreover, a certain degree of this type of reaction may be 
pre^uc^ by tW toxins alone, apart from the presence of the bacillus 

In the gland. Gflands shewing tuberculosis of this chronic hyper- 
type may, alidejgo caseation and calcification, the endothelial 
Ibeooming s^ollen^: and necrotic, and fusing to fdtm a 
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homogeneous caseous mass. This form of tuberculosis is often found 
in the bronchial and mesenteric glands; and it is also seen in certain 
cases where wide-spread enlargement of practically all. the lymphatic 
glands of the body occurs. In these cases, the glands may form large 
tumour-like masses, e.ff, in the neck, axilla, mediastinum, abdomen, etc., 
closely resembling the condition found in Hodgkin’s disease, from which 
it is sometimes difficult to differentiate this form of tuberculosis clinically 
isee figs. 284, 286, and 288). 

Tubercle bacilli may be found microscopically in tuberculous glands. In 
some of the acute cascating forms, they may be present in great numbers ; 
but, in many cases, especially in the variety last described, none — at all 



Fig. 287. — Lymphatic Gland, shewing tubercle-follicles with caseation 
and giant-cell formation, x 60. 

events in the form of acid-proof ^ bacilli— may be found microscopically ; 
though their presence in an infective form may be demonstrated by 
inoculation into a susceptible animal such as a guinea-pig. Full dis- 
cussion of the types of the tubercle bacillus causing glandular infection 
must be left to the special books on Bacteriology. It is sufficient here 
to mention that work by Mitchell ® and others has proved that, in a 
very large proportion (in some areas as many as 90 per cent, of cases 

1 Investigations by Much seem to shew the probability of the existence 
of certain infective forms of the tubercle bacillus other than the well-recognised 
acid-proof form. Much describes, in addition to (a) the ordinary acid-proof bacillus 
stainable by the Ziehl-Neelsen method, (6) a non-acid-proof bacillary form, often 
shewing well-marked granules, and (c) free non-acid-proof granules, The latter 
two forms can be stained by a modih^ Gram’s method. 

* lii^hell, “ The Infection of Children with the Bovine Tubercle Bacillus,’’ 

Joan* 
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of tuberculous adenitis in infants and children) the infection ja pro- 
duced by the bovine type of bacillus. 

Waxy or amyloid disease may occur in the glands in chronic tuber- 
culosis. 

SYPHILITIC LYMPHADENITIS.— The glands into which the lymph- 
atics draining the area of the primary sore open, become enlarged and 
hard, the changes being inflammatory in character. In the sore and 
in the enlarged inguinal glands, the spirochsetes may be found in large 
numbers, and their demonstration will prove the case to be syphilis at a 
very early stage — a fact of great diagnostic value in early doubtful cases 
before the establishment of a positive Wassermann Reaction in the blood . 
Suppuration may be superadded from secondary infection with pyogerietic 
cocci. During the secondary stage of the disease, a wide-spread enlarge- 
ment of lymphatic glands may occur, characterised by proliferation of 
the endothelial cells of the sinuses and thickening of the reticulum. 
Gummata may form in the glands, but are somewhat imcommon. 
Occasionally, in congenital cases of syphilis and in late secondary infection, 
glandular enlargement may be so marked as to simulate Hodgkin’s 
disease.^ 

Syphilis is an important caus(5 of waxy disease in glands, as in other 
organs and tissues. 

HODGKIN’S DISEASE, or LYMPHADENOMA.—That this disease 
constitutes a distinct pathological entity has been denied by many; 
whilst, in the literature of the subject, several distinct conditions, some 
of which have been referred to on p. 631, have been erroneously described 
under this name. When tliese are excluded, there remains, however, 
a definite group of cases, the characteristics of which are sufficiently 
distinctive to warrant their classification under the term Hodgkin’s disease 
or lymphadenoma. 

In a typical case, there occurs a progressive enlargement of the lymph- 
atic glands, usually beginning in the cervical, or, less commoidy, in the 
inguinal, axillary, or some other group. This enlargement may com- 
^ mence on one side, spread progressively to the opposite side, and to the 
other lymphatic glands and lymphoid tissues of the body, though, in 
certain cases, the condition may remain localised in one set of glands for a 
long time. The thymus may occasionally be the primary seat (Ribbert). 
At some period of the disease, varying in individual casei^, though some- 
times comparatively late in its course, the spleen becomes affected. Mild 
irregular pyrexia ;s usually a feature of the disease. In the earlier stages, 
the Wood may shew comparatively little alteration, but, as the disease 
advances, a progressive type of secondary anaemia is estabFshed. The 
erythrocytes may shew a moderate reduction in their number, but seldom 
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fall below 2,000,000 per c.mm. Nucleated red cells are not commonly 
found. The haemoglobin is usually considerably reduced in amount. 
Variations in the numbers of the white cells are not especially charac- 
teristic. In some instances they are distinctly diminished, but many 
cases have been reported in which they have been increased. Eosino- 
philia has been described in several cases. The lymphocytes may show 
slight relative increase, in cases where the indurative changes in the 
glands and splpeii are not so pronounced as usual. Marked polymorpho- 
nuclear leucocytosis may supervene from the presence of secondary 
complications, a fact which probably explains why some cases of Hodgkin's 
disease have been regarded as undergoing leuksemic transformation. 
Periods of quiescence, or even spontaneous diminution in the size of the 
enlarged glands, may occur during the course of the disease, especially 
as a terminal phenomenon in some cases; but, as a rule, the condition 
is a progressive one, practically always leading to a fatal termination. 
Death may supervene from asthenia, or from pressure of the enlarged 
glands upon some important structure, for example the trachea or bronchi, 
lungs, heart, bile-duct, or some of the great vessels or nerves. From the 
same cause, paralysis, dropsy, and other phenomena may occur. There 
appears to be little tendency to the occurrence of hseuiorrhages. 

etiology, — Practically nothing is known of the ultimate cause of the 
dis(^ase. Males are more commonly -attacked than females, and it is 
during adolescence and early adult life that the majority of cases occur. 
Although the condition in some ways rcisembles tumour-formation, it 
has closer analogies with certain chronic infective procMVsses, especially 
those seen in tuberculosis and syphilis, and it appears ]iot unlikely that it 
may ultimately be foinid to be caused by some, as yet unknown, infective 
agent. The disease does not appear to be duo to Bamllm tuberculosis, 
as has been alleged by some observers; and ex]>erimcntal inoculation 
into animals of material from uncomplicated cases has failed to demon- 
strate the presence of this organism, and, in such cases, the tuberculin- 
test has also proved negative (Reed). Tuberculosis, however, is not 
an uncommon complication of the disease. Various observers have 
described the occurrence of spirochsetes, or the growdJi of diphtheroid 
and other organisms from the glands in Hodgkin's disease, and special 
attention has been directed to the occurrence of one diphtheroid {Coryne- 
bacterium granulomatis maligni of Negri and Miermet) as a possible 
^etiological factor. The evidence, however, of the relationship of any 
of these organisms to the disease is very inconclusive, Cunningham, of 
the Roosevelt Hospital, New York, considering the diphtheroid bacillus 
to be a laboratory contamination. Billings and Rosenow state that they 
have isolated an organism from twelve cases, and have treated these with 
vaccines made from the cultures, apparently with some success. Their 
results, however, await further confirmation. Meantime, the true aetiology 
of the disease must be regarded as still unknown. 

48 * ^ 
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Morbid Anatomy.^ — ^Though the disease may remain localised' for a 
varying period — by the time death supervenes, the lymphatic glands 
throughout the body, especially in the positions already mentioned, are 
usually greatly enlarged, and form considerable tumour-like masses, the 
individual glands being often as large as a pigeon’s or a hen’s egg. Unless 
matted together by secondary inflammator}" adhesions, they remain more 

or less discrete , being held together 
by loose connective tissue, which 
can be easily separated. There is 
usually no tendency to infiltrate 
the surrounding parts, though 
such infiltration has been de- 
scribed in exceptional cases. The 
individual glands vary somewhat 
in consistence. In some cases — 
especially in the earlier and more 
acute foniis — ^they are soft ; but, 
more commonly, especially where 
the disease has lasted some time, 
they are indurated, firm, and 
elastic. It is not uncommon to 
find softer and nu)re indurated 
glaitds side by side in the same 
case. On section, they may shew 
a pale pinkish tiiit, especially in 
the more acute cases, oj very 
commonly, as the disease be- 
comes more chronic, a semi- 
translucent greyish appearance, 
often with bands of a more 
opacpie yellowish colour running 
through them. Sometimes, the 
whole gland may exhibit this 
opacpie yellowish appearance. 
Occasionally, small areas of case- 
ation, simulating tuberculosis, 
maybe present, and microscopical 
examination may be necessary to distinguish between the two conditions*. 
Microscopically, the earliest stage of the process is seen as a hyperplasia 
of the lymphoid tissue^ but upon this there rapidly supervene j)roliferation 
of the reticular and endothelial cells, and a progressive increase of the 
reticulum itself ^ leading to fibrosis of the gland- tissue and disappearance 

^ An excellent atccount of the morbid anatomy and histology of Lymphadenoma, 
is given by Stuart MoBonald, in the Transactions of the Newcastle-upon-Tyne Clinical 
Society for l>ecember 19^0. ' 



Fig. 288. — Hodgkin's Hisimse or hymph- 
aderioina. L^rgo tumour-liko mass of 
lymphatic glands from axilla. 
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of the lymphoid cells. Increase in the number of eosinophil cells in the 
earlier and more acute stages is of frequent occurrance, but a more 
constant and characteristic phenomenon is the presence of phagocytic 
giant-cells, both mono- and multi-nucleated, apparently derived from 
endothehal or reticular cells. Large phagocytic syncytial masses may 
also be found. In the later stages, the cellular elements are practically 
entirely replaced by fibrous tissue, and the structure comes to resemble 
that of dense, scar-tissue. 

Spleen. — ^The condition of this organ is extremely variable. In some 
cases, it is only slightly enlarged, whilsHn others it may be moderately, 
or even greatly, increased in size. The natural shape is usually well 
preserved, and the organ is firm in consistence. On section, to the naked 



Fig. 2S.0. — Spleen in Hodgkin’s Ditsoase. Malpighian body in proeoss of fibrous oblitera- 
tion, and surrounded by a ring of pigmented phagopy tic colls. X 75. 

eye, there may appear to be merely a congestive condition present ; but, 
again, there may be found characteristic, scattered, whitish or yellowish- 
white, suet-like masses, which are usually distributed along the lines of 
the larger arteries. In the earlier and more acute *cases, their colour is- 
usually greyish-pink. These areas may be more or less diffuse, apparently 
spreading into the organ from the hilus, along the lymphoid sheaths around 
the artjeries. In other cases, these areas arc more irregularly scattered, 
and form isolated, rounded, or irregularly-shaped masses, which may be 
as large as a bean or a cherry. These pale, whitish masses consist of 
altered peri-arterial lymphoid sheaths — i. e. the so-called Malpighian 
bodies — ^which have undergone a process similar to that already described 
as occurring in the lymphatic glands, namely (following, it may be, a 
prehminary and temporary hyperplasia of the lymphoid tissue proper), 
prohferation. of the endothelial plates and reticulum, and a corresponding 
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diminution of the contained lymphocytes. The process tends to spread 
into the surrounding areas of pulp, which thus become in part fibrosed. 
Where the condition is spreading, the prohferated endothehal and reticular 
cells, and giant-cells formed from these, arc actively phagoc)dic towards 
red blood-corpuscles, and usually contain large quantities of blood- 
pigment, producing around the periphery of the nodules a brownish 
zone, which can often be distinguished with the naked eye. 

The changes in the bone-marrow are somewhat variable, and have 
not yet been fully investigated. Longcope ^ describes a leucoblastic 
reaction characterised by the presence of myelocytes and large lympho- 
cytes,” the most remarkable deviation from the normal consisting of a 
great excess of eosinophil leucocytes and myelocytes. Suct-like nodules 
like those occurring in the other organs were not observed by this writer, 
but have been described by several authors. These nodules shew the 
same reticular proliferation, etc., already described as occurring in the 
lymphatic glands and spleen. 

Similar nodules are frequently found in the liver in such cases, usually 
combined with some degree of cirrhosis and fatty degeneration. These 
nodules occur in the connective tissue of the portal tracts as lymphoid 
areas, which, later, undergo reticular proliferation, giant-cell formation, 
and then fibroid transformation. They are likewise occasionally seen 
in the kidneys, lungs, and even in the skin (Greenfield). In the last- 
mentioned tissue, the lesions may be (1) a true lympho -granuloma cutis, 
the nodules having the typical lymphadenomatous structure; or (2) a 
group of lesions set up by the general infection, but not shewing the 
characteristic lesion locally (Cole). The lymphoid tissue of the intestines 
— ^Peyer’s patches and solitary follicles — and of the stomach may also 
become involved, and may, in rare cases, undergo ulceration. 

Longcope, 2 in his paper on the subject, comes to the following 
conclusions : — 

1. Hodgkin's disease should be considered as a distinct clinical and patho- 
logical entity. 

2. The lesions in the lymph -glands and other organs are especially char- 
acterised by the early increase in the lymphadenoid tissue, with later prolifera- 
tion of endothelioid cells, formation of uninuclear and multinuclear giant- 
cells, thickening of the reticulum, and final overgrowth of connective tissue. 
Eosinophils, though not specific, are frequently found in great abundance. 
Together with the abundance of eosinophils in the lynij)!! -glands, the eosino- 
philic leucocytes and myelocytes of the bone-marrow are increased. 

3. The process originates in lymphoid tissue, and, during the course of 
the disease, new lymph-glands are constantly being formed, which ultimately 
become the seat of the lymphomatous (lymphadenomatous) growths. 

4. In rare instances, the retroperitoneal lymph -glands may be the only 
group affected. 

^ Longcope, “ On the Pathological Histology of Hodgkin’s Disease, with a 
Beport of a Series of Cases,” Bulhtin of the Ayer Clinical Laboratory, Philadelphia, 
tJ.S.A., 1903, No. 1, p. 4. 

* liongcope, loc, cU* 
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5. The fiotiology of Hodgkin’s disease is so far unknown. The tubercle 
bacillus plays no part in the production of the lesions. 

TUMOURS of LYMPHATIC GLANDS and of lymphoid tissue generally. 

These present many difficulties in their classification, and in their differ- 
entiation from hyperplasias and other changes in certain so-called blood - 
diseases, and from chronic inflammatory and infective enlargements. 
The following types of primary new growth may be distinguished. 



Fig. 290. — Lyrapliatic Gland, shewing malignant infiltration with squamous-celled 

carcinoma. X 60. 


Lymphoma. — Tumours precisely resembling proliferated lymphadenoid 
tissue, in which the lymphoc 3 d;es, endothelial cells, and reticulum appear 
in practically their normal proportions, may occur. These are seen in 
the mediastinum, where they may arise from orctinary lymphatic glands, 
or from the thymus gland. In the latter case, they may reproduce the 
structure of the thymus, and even the Hassal’s corpuscles may be found 
in the tumour. Lymphomas may also arise in the tonsils, and in the 
cervical, abdominal, and other lymphatic glands. They have been 
described as occurring in the kidney, and in the lymphatic glands about 
the head of the pancreas and near the hilus of the liver. Such tumours 
may remain apparently non-malignant, but, in some cases, there may be 
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a tendency to the secondary infection of other lymph-glands and lymphoid 
structures, e. g, Peyer’s patches and the sohtary lymphoid follicles of the 
intestine. These may ulcerate, forming the so-called lymphomatous ulcers. 

Lympho-Sarcoma. — In this extremely malignant form of tumour, 
there is enormous increase in the number of lymphocytes or lymphocyte- 
hke cells, with no corresponding increase of endothehal plates and 
reticulum, both of which structures remain extremely scanty. Such 
tumours arise most frequently from mediastinal and rjetro-peritoneal 
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Fio. 291. — Axillary Lymphatic Gland, shewing secondary invasion with cells 
of scirrhus cancer of breast. X 200. 

lymphatic glands, but they may originate also from lymphoid tissue 
around the intra- pulmonary bronchi, and elsewhere. Tbe enlargement 
of lymphatic glands in the leucocytheemias and analogous conditions 
is dealt with on p. 611. 

Secondary growths of mahgnant epithelial tumours in glands are 
extremely common, for example, impheation of the cervical glands in 
squamous, epithelioma of the tongue: of the axillary and other "groups of 
glands in soirrhua and other malignant tumours of the mammary gland : 

the mesenteric and retro-peritoneal glands in gastro-intestinal cancers, 
etc., etc. Secondary ^owths of sarcomas are also by no means un- 
common — ^though sometimes stated to be so. 
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LYMPHATISM or STATUS LYMPHATICUS 

Though comparatively rare, this condition is oik? of considerable 
importance, owing to the liability of those who suffer from it -most 
commonly childreix or young adults — ^to sudden death from apparently 
trivial causes, such as a sudden shock or fright, or on the administration 
of an anaesthetic such as chloroform or ether. The presence of the con- 
dition has, in many such cases, been quite unsuspected during life, and 
may be revealed for the first time by the post-mortem examination. 
There is general hyperplasia of the lymphoid tissue throughout the body. 
The lymphatic glands, especially those in the mediastinum and abdomen, 
are enlarged, as arc also the tonsils and pharyngeal adenoid tissue, thymus, 
and spleen, • and the Peyer’s patches and other adenoid tissue in the 
intestine, the solitary follicles of the large intestine being specially promin- 
ent. The posterior portion of the dorsum of the tongue is often unusually 
rough, especially in ' the neighbourhood of the circiiinvallate papilla3, 
wliich may be themselves distinctly hypertrophied . The thymus enlarge- 
ment is frequently very marked, and to pressure by it upon the trachea 
the fatal issue in some cases of lymphatism has been attributed. In the 
majority of cases, this is certainly not the true explanation, and most 
authorities now believe that some toxic material is elaborated and poured 
into the system from the enlargccL glands — ^the coitdition of so-called 
‘‘ lympho-toxmmia.’' Hyperplasia of the bone-marrow (fatty, being 
replaced by red,' marrow), and of the thyroid gland, is recorded in some 
cases, as is also an under-development or hypoplasia of the heart and 
great vessels. Areas of small-cclled infiltration ” and other inflam- 
matory and degenerative changes have been described as occurring in 
the myocardium. The cause of the condition is unknown. 

HiGMOLYMPH GLANDS 

These closely resemble ordinary lymphatic glands in structure, the 
chief point of difference being the presence of blood in the sinus-systems 
between the lymphoid follicles. Little is yet- known of their physiology 
and pathology, but marked enlargement of them has been observed in 
some blood-diseases ” such as pernicious ansemia, splenic anaemia^ etc., 
and also in exophthalmic goitre (q, v., p. 840), and certain other conditions. 
The glands are specially found in the abdomen, e,g, about the brim of the 
pelvisr, and along the aorta and inferior vena cava, iliacs, splenic vessels, 
etc. Marked phagocytic activity towards red blood-corpuscles, on the 
part of the endothelial cells of the sinuses, is usually to be observed in 
these glands, especially in the diseases just mentioned. 



CHAPTER XVII 


DISEASES OF THE SPLEEN 

The Spleen is an organ which is not necessary to life {see under 
Splenectomy, j). 600), and all its functions are not yet fully determined. 
Amongst other activities, it appears to act as a filter for the blood which 
passes til rough it, ami serves to sift out damaged and effete blood-cor- 
puscles, as well as bacteria and other organisms. Active phagocytosis 
on the part of the endothelial cells of the pidp proceeds in* health, and 
may occur to a very exaggerated degree in disease. Various processes 
carried out by ferments or enzymes occur in the organ, but are, as yet, 
only imperfectly understood. Certain of these processes appear to have 
a special bearing on the production of immunity, in some of its aspects 
at all events ; and it reacts very readily in toxic diseases. Its anatomical 
relations to the portal circulation are important; and, by the rhythmic, 
contractions of which it is capable, owing to the presence of non-striped 
muscular fibres in its capsule and trabecuhe, it probably aids the flow 
of blood through the liver. The spleen is therefore, specially affected 
by diseases which interfere with the hepatic circulation. 

The organ can now no longer be regarded as a ])roduccr of red blood- 
corpuscles, except during intra-uterinc life. Similarly, after birth, 
polymorphonuclear leucocytes arc produced solely in the bone-marrow, 
and not in the spleen, the only haemopoietic functions of which appear 
to be the formation of lymphocytes in the Malpighian bodies or lymph- 
adenoid sheaths developed around the smaller arteries of the organ : and 
also, in all probability, the production of certain of the large mononuclear 
cells of the blood, some, at all events, of which appear to arise from 
endothelial cells — a type of cell in which the spleen is extremely rich. 
Reference baa already been made to the haemolytic activities of the 
organ (see also })p. 597, 608—9, 613, 622, etc.). 

MALFORMATIONS and MALPOSITIONS. — Accessory spleens, usually 
small in size (Spleniculi or Splenunculi,) arc of very common occurrence. 
They generally vary from the size of a pea up to that of a cherry, and 
are more or less spherical in shape. As a rule, such accessory spleniculi 
are few in number— most commonly only one is found — and are usually 
situated near the hilus of the main organ. More rarely, they may be 
multiple, and may be situated elsewhere, e.g. in the mesentery, etc. 
They almost always participate in pathological enlargements and other 
abnorrnahties of the main gland. 

Movable or Wandering Spleen. — -Owing to laxity of its ligaments in 
some cases, the organ may he uixduly, and even freely, movable. Twisting 
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of the pedicle and constriction of the contained vessels may lead to 
interference with its blood-snpply, and perhaps to necrosis. 

INJURIES OF THE SPLEEN may occur even in health, e.g, from 
severe crushing injuries to the trunk; but rupture occurs much more 
readily if the organ is previously diseased, and especially if it is enlarged, 
e.g. from malaria, when a very slight accident may cause rupture. In 
crushing injuries, the spleen is usually folded upon itself, and ruptures 
on its outer or convex surface, an occairrence which gcnei^ally leads to 
extensive, and perhaps fatal, haemorrhage. Exploratory puncture may 
also give rise to stu'ious haemorrhage, especially if laceration from 
respiratory or ot}i(‘T muscular movements occurs. 

CHANGES RELATED TO THE SURFACE AND PERITONEAL 
INVESTMENT OF THE SPLEEN. — Local peritonitic inflammation and 
thickening, often producing adhesions to neighbouring structures, especi- 
ally to the diaphragm, are very common. Localised chronic inflammatory 
cJianges in the ca})sule may sometimes attain a considerable thic'kne&s, 
leading to the formation of dense, white areas of iilirons tissue almost 
“ cartilaginous’’ in consistence. A “ wandering ” or “floating” spleen may 
become adherent in some abnormal ])osition in tlie»abdomen. When the 
spleen becomes enlarged, e.g. in leuktemia, the enlargement usually occurs 
downwards, forwards, and inwards. Occasionally, this may be preVented 
by old adhesions or by tlio presence ^f an exaggerated develo})rnent of a 
peritoneal shelf, formed by the costo-colic ligament, under its lower pole. 

ATROPHIC CHANGES IN THE SPLEEN.—Atrophy of the spleen 
occurs normally as a senile change, the Malpighian bodies, in common 
with lymphoid structures in other parts of the body, becoming pro- 
gressively less active and undergoing atrophic changes wit.h advancing 
age. The pulp also becomes diminished in bulk, mairdy from atrophy 
of its cells ; and the fibrous tissue, especially of the trabecula), is relatively 
increased in amount. The capsule of the organ becomes wrinkled, and 
the weight of the spleen may fall as low as 2 or ounces (60—75 grins.). 
On section, the tissue has a dull brownish-red colour, the Malpighian bodies 
being inconspicuous, and the trabeculae showing as pale, ragged, fibrous 
threads, standing out somewhat above the general level of the cut surface. 
The consistence of the organ varies, but, most frequently, it is tough, dry, 
and soft, rather resembling a piece of flabby muscle to the touch. 

The majority of pathological changes in the spleen are, however, 
associated with enlargement of the organ. 

WAXY or AMYLOID DEGENERATION.— This disease may affect 
the spleen in one of two ways, which, according to the anatomical dis- 
tribution of the change, are respectively known as sago- waxy, and diffuse 
waxy, degeneration of the spleen. In some cases, a combination of these 
types may be found in the organ. 

The Sago-waxy Type is much the commoner of the two. The spleen 
is usually moderately enlarged, perhaps to twice its normal bulk, but, 
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in many cases, there may be little increase, and even some diminution, in 

the size of the organ. In consistence it is firm, its cut margins remaining 
sharp* and its natural shape being well maintained. On section^ the 
surface is seen to be studded over with great numbers of small, rounded 
or slightly irregular, clear glistening white or colourless, translucent 
areas, usually about the size of a pin’s-head or a little larger — i.e. a 
couple of millimetres or so in diameter — and very much resembhng 
grains of boiled tapioca or sago in appearance. On the application of 
iodine to the cut surface, these points are stained a deep mahogany-brown 
colour {see fig. 292). The intervening pulp-tissue is usually dark red in 
colour from chronic venous congestion, which is very often associated with 

waxy disease, both on account of 
general systemic venous engorgement, 
and more especially from portal 
stagnation due to associated disease 
of the liver. On microscopical ex- 
amination, in an unstained section, 
the waxy material has a bright, clear, 
transparent, glassy appearance with 
transmitted, and a black, structureless 
appearance with reflected, light. In 
sections stained with iodine, (^66 Plate 
II, fig. 1 ), or with methyl violet, these 
rounded waxy areas shew the typical 
staining reactions of amyloid material 
{see pp. 59—60), and are seen to 
correspond with enlarged Malpighian 
bodies. The central arteriole of these 
usually, but not always, shews waxy 
disease. The main change is in 
the adenoid reticulum and in the 
perithelial connective tissue of the 
capillaries of the Malpighian bodies, the affected tissue-elements being 
greatly swollen, and presenting a structureless, homogeneous appear- 
ance, the intervening lymphocytes and other cellular elements undergoing 
pressure-atrophy and disappearing. A small area of lymphoid tissue 
immediately around the central arteriole frequently remains comparatively 
unaffected until late in the disease, and, in this zone, the lymphocytes 
may survive, though usually in much diminished numbers. The 
arterioles of the pulp generally shew distinct waxy change ; and the 
adenoid reticulum of the pulp — except immediately around the 
Malpighian bodies, from which the disease may shew direct local extension 
outwards into the pulp— is cither unaffected, or shews only a few streaks 
of waxy degeneration here and there. The venous sinuses of the pulp 
usually shew associated chronic venous congestion, leading to extensive 



Fig. 292. — Waxy or Amyloid Dogon ora- 
tion of Spleen. “ Sago- waxy " typo. 
(Lower portions treated with iodine.) 


DISEASES OF THE SPLEEN 


651 


compression-atrophy of the pulp-cells. The waxy change in the arterioles, 
etc., follows the usual method of distribution of the disease (see p. 62). 

Diffuse Waxy Disease of the Spleen —In this form, which is’*' more 
especially associated with syphilis — ^though it may also be found in 
chronic tuberculosis — ^there is extensive affection of the splenic pulp. 
The enlargement of the organ is usually rather more pronounced than 
in the sago- waxy type, the organ being extremely firm and resembling 
hard india-rubber in consistence. The cut . surface has a more or less 
homogeneous, semi-translucent appearance, often with a pale pinkish-red 
tint. The Malpighian bodies are widely separated and minute, and may 


be almost, or even quite, invisible to the naked 
eye. With iodine, a uniform'dcep mahogany- 
brown coloration is obtained (fig. 293). On 
microscopical examination, the waxy change is 
found implicating the supporting reticulum and 
the perithelial connective tissue of the venous 
, sinuses of the pulp, which are thus sharply 
outlined by the change, and, if also distended 
by chronic venous congestion, produce a 
characteristic fenestrated appearance of the 
tissue (see Plate II, fig. 2). The endothelial 
cells lining the venous sinuses do not undergo 



the waxy change*- The pulp-cells are com- 


pressed and usually shew extensive atrophy. 
The arterioles, both of the pulp and of the 
Malpighian b()di(\s, shew Avaxy degeneration 
of their connective tissue. The Malpighian 
bodies are widely separated by the enlarged 



pulp. They arc small and compressed, and 
may shew a spread of the waxy change inwards 
from their periphery ; though, in some cases, 
they are unaffected by the disease. 


Fia. 293. — Diffuse - Waxy 
Degonoration of Spleen. 
(Lower portion treated 
with iodine.) 


HYALINE DEGENERATION occurs in the vessels of the spleen, 


especially in the arterioles, in some of the acute infective fevers, most 
commonly in diphtheria and scarlet fever (see Plate II, fig. 6). It is an 
acute toxic change, and is usually associated with acute congestion of 
the organ. A more chronic form of the degeneration is frequently found 
in Bright’s disease. Hyaline degeneration may be followed by calcification 
of the affected areas in the vessel -wall. 


PIGMENTATION AND PHAGOCYTOSIS IN THE SPLEEN.- Owing 


to the haemolytic activities of the spleen, the presence of a certain amount 
of blood-derived pigment is a normal phenomenon, most of the pigment 
being contained within the phagocytic endothehal cells of the pulp. In 
any condition characterised by increased blood-destruction, notably iii 
the anaemias, both primary and secondary, and in acute and chronic 
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septicsamias and toxsemias, the haemolytic activities of the organ are 
increased, and, consequently, the phagocytic cells and their contained 
pigment are in greater evidence {cf. Plate III, fig. 2). Good examples of 
such processes are to be seen in the spleen in the case of pernicious 
anaemia, the toxaemia of diphtheria, or in chronic malaria, though marked 
degrees of the change may be found in ahnost any analogous condition. 
The endothelial cells proliferate, and, in some instances, enlarge to form 
multinucleated plasmodial- or giant-cells resembling a similar type of cell 
found under like circumstances in the bone-marrow {see Plate XIV, fig. 4). 
These phagocytic cells, which may shew large numbers of cell-inclusions — 
mostly red blood -corpuscles (which, in the case of malaria, may con- 
tain the malarial parasite) — may be seen in sections, but arc best studied 
in films fixed while still wet with a saturated solution of corrosive sub- 
limate in saline. They may attain an enormous size in pernicious 
anaemia, and also notably in splenic anaemia. The naked-eye evidence 
of such haemolysis is seen as a distinct brownish tint of the splenic pulp. 
The pigment, though it may contain iron, e.g. in the case of pernicious 
anannia, often does not give a'definite Prussian-blue reaction, probably 
on account of the iron being in somewhat firm union with organic 
material- the application of potassium forrocyanide and hydrochloric 
acid, in many cases, producing a variable greenish- or bluish-black 
discoloration. 

Post-mortem discoloration or pseudomelanosis — generally of a dark 
greenish- or violet-black tint — is extremely common, especially on the 
lower part of the organ where it is in contact with the intestine. Such 
post-niortem discoloration is due to the action of sulphuretted hydrogen 
upon the iron of the blood or blood -pigment. It may be localised to 
the surface, or may penetrate the substance of the organ for a varying 
distance. 

VASCULAR DERANGEMENTS OF THE SPLEEN 

(а) ACUTE or ACTIVE HYPEREMIA will be discussed when dealing 
with the Spleen in Acute Diseases (p. 6D4). 

(б) CHRONIC VENOUS CONGESTION.— This condition may form 
part of a general venous engorgement, e.g. in diseases of the heart or 
lungs, in which the inflow of venous blood into the heart is impeded ; 
or it may be produced by obstruction of the portal circulation by disease 
of the liver, or from tumours or other lesions producing pressure on the 
portal or splenic veins. The most typical examples of the condition are 
seen in heart-disease. The organ is usually moderately enlarged, and 
firm in consistence. It becomes relatively thicker, and especially broader, 
in pro^rtion to its length, often coming to have a somewhat oblong 
shape. The notches are generally well preserved {see fig. 294). The capsule 
and trabeculss are thickened, and the muscular fibres in them may be 
increased. The pulp has a characteristic dark purple-red colour, and 
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the Malpighian bodies are widely separated, small, and indistinct, owing 
to compression by the engorged and dilated venous sinuses of the pulp. 
The large and medium-sized veins, which can be seen running in the 
trabeculae, are dilated. On microscopical section, this dilatation can be 
well seen, together with thickening of the vein-walls and trabeculae. 
The pulp is mostly occupied by the dilated venous sinuses, the walls of 
which, lined by endothelium, are abnormally distinct {see Plato II, fig. 2, 
in which, however, waxy degeneration is also present). The intervening 
pulp-tissue, and also the Malpighian bodies, are atrophied from pressure. 



Fio. 294. — Spleon. Chronic VoriouH Cangostion. 


There is, usually, a considerable amount of blood-pigment within the phago- 
cytic endothehal cells, and, to a less extent, free in the lymphatic spaces 
of the pulp. 

(c) INFARCTION OF THE SPLEEN. — The subject of infarction is fully 
dealt with on pp. 150 et sey., especially p. 154. Infarcts are of very common 
occurrence in the spleen, and may be due to embolism, e.^r. in valvular heart- 
disease, there thus being, usually, an associated chronic venous congestion 
of the spleen: or to thrombosis, which is the probable cause of the infarcts 
that are of common occurrence in the enlarged spleens of myelogenous 
leuksemia, splenic anaemia, and analogous diseases. Thrombosis of the 
main splenic vein produces a condition of infarction of the whole organ. 

Infarcts in the spleen may be multiple, and are often of large size. 
They are found most frequently on the convex outer surface or borders 
of the spleen, though, when large, they may occupy a horizontal or 
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transverse zone through the entire thickness of the organ. Seen *on the 
outer surface, they may be irregularly rounded, or may form a bar-like 
area running across the spleen {see fig. 295). In the former case, they are 
usually irregularly wedge-shafed on section, the base of the wedge being 
towards the free surface. In infarction, the whole spleen may be con- 
siderably enlarged — ^usually more so than in uncomplicated chronic 
venous congestion — especially where the infarcts arc multiple from 
repeated embolism. All infarcts of the spleen are at first ha3niorrhagic 
and deep red in colour. Later, they become pale, and undergo gradual 
absorption, total or partial, according to their size. As absorption 
proceeds, they become surrounded by a capsule 
of fibrous tissue, which may, later, undergo con- 
traction and lead to the formation of a depressed 
puckered scar on the surface of the organ (see 
fig. 29G). Local peritonitis may occur over the 
area of infarction, and may give rise to 
adhesions. Where the causal emboli are septic, 
e.g. in ulcerative endocarditis, or where second- 
ary infection with pyogenetic organisms occurs, 
the infarcts may soften and break down to form 
abscesses, which may burst and produce general 
peritonitis or, if localised by adhesions, may 
give rise to the condition of peri-s])lenic abscess. 

THE SPLEEN IN ACUTE TOXIC AND 
SEPTIC DISEASES^ e.g. the acute infective 
fevers. In such acute conditions, whether it is 
the toxins or the organisms themselves, or a 
combination of these, that are present in the 
circulating blood, the spleen is extremely liable 
to be affected. 

The so-called Active Hypereemia or Acute 
Congestion of the spleen, in the majority of 
these diseases, is largely of the nature of a reaction or attempt to 
antagonise the poison of the disease. Swelling of the organ may 
occur very rapidly — even in a few hours- -in intensely acute diseases, 
e. g. in an acute attack of malaria, or in typhus fever, streptococcal 
septicaemia, etc. This is due partly to congestion of the pulp and 
swelling of the Malpighian bodies ; but, later, it is due more especially 
to proliferation of endothelial and pulp-cells, and to the accumulation 
of leucocytes in the tissues of the organ. The nature of the^enlargement 
varies considerably, however, according to the nature of the causal organ- 
ism or infective agent. Thus, in typhus fever, the spleen may be deep 
feA, in colour; in erysipelas and other streptococcal infections, m pneu- ' 
^onla," and in $ta|^lbyl0coccal: cases, it is often paler, the diffluent pulp 
; iiaying a creamy ph&ih-white tint, though the occurrence of hsemorrhage 



Fig. 296. — Infarct in Spleen, 
shewing raised surface, 
transverse arrangement, 
and pallor. 
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mB,y produce a darker red colour. In such cases, the spleen is so extremely 
soft that it is very easily ruptured on removing it from the body; and, 
on section, the pulp can be scraped or washed away with great ease. 
In some cases, e. ff. in scarlet fever, the Malpighian bodies may be enlarged 
as well as the pulp-tissue. 

In typhoid fever, the spleen may not be softened, and the Malpighian 
bodies may or may not be enlarged the most important chaiige iii the 
organ being the marked proliferation of the endothelial cells lining the 
sinuses of the pulp. 

Apparently the only fever in which no sw^elling of the spleen occurs 



Fig. 296. — Old Infarct in Spleen, shewing pale caseous mass surrounded by a fibrous- 
tissue capsule. Note depression below the surface of the spleen, x 6. 

is yejlow fever, perhaps on account of the amount of blood lost by gastric 
haemorrhage . 

In many bacterial diseases, especially those of septicsemic nature, 
the causal organisms may be found specially aggregated in the spleen, 
in which they may be demonstrated on microscopical or cultural examina- 
tion, for example in the case of typhoid and Mediterranean (Malta) fevers, 
staphylo- and strepto-coccal septicaemias, etc. 

^ Actual suppuration in the spleen, apart from its occurrence in ulcerative 
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endocarditis and pyaemia, is rare. Secondary abscesses may occur in 
malaria or in typhoid fever. Such abscesses in the spleen tend to occur 
towards the surface, where they may rupture and, if localised by adhesions, 
give rise to perisplenic abscess. 

CHRONIC INTERSTITIAL SPLENITIS.— This is usually an enlarge- 
ment of the spleen, with induration from prohferation of its fibrous 
tissue, which may arise from recurring acute attacks, e,g, in malaria. 
The endothelial cells of the' pulp usually shew proliferation, and may 
contain excess of pigment ; and the Malpighian bodies may be compressed 
and atrophied. 

TUBERCULOSIS OF THE SPLEEN. — ^Tuberculous infection of the 



spleen is always secondary. The surface of 
the organ may be involved in' tuberculous 
peritonitis, and tuberculous adhesions of the 
spleen to the surrounding organs and tissues, 
especially the diaphragm, are common. In 
general acute miliary tuberculosis, numerous 
small, greyish-white, opaque, nodular areas 
may be found scattered throughout the sub- 
stance of the organ and under the capsule. 
They may distinguished from the Malpighian 
bodies, which they closely resemble, by thtnr 
being somewhat firmer and more prominent, and 
by their being also found on the surface of the 
organ. On microscopical examination, though 
they may occur in any part of the spleen - 
tissues, they are most frequently found along 
the course of the arteries, and are, therefore, 
especially seen in the Malpighian bodies. 
Typical tuberculous giant-cells are often 
present, but the proliferative changes are, 
as a general rule, not pronounced, whilst 


Fra. 297 .-Ca 8 eous Tuboroulous cascation is usually a well-marked feature. 

Nodules in Spleen. In a second type of tuberculosis of the 


spleen, which is more chronic in its course, 
there are scattered, yellowish-white, caseous nodules, which may reach 


a third or a quarter of an inch in diameter (see- fig. 297). This variety 
is seen specially in children, and, from the resemblance of the pale, 
caseous nodules in the congested organ to almonds scattered iii brown 
toffee, has been termed “ hard-bake spleen.’' It is sometimes also 


called “ ape-tubereulosls,” from the liability of monkeys in captivity 
to suffer from this form of the disease. The nodules vary someyv^hat in 
their consistence, but are often very soft and easily washed out, leaving 
a series of holes on the cut surface. .A similar caseous condition is often 
found in the Jiver, and, sometimes, in the kidneys, of these cases. Lar|^r 
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tuberculous nodules, e.g. up to the size of a walnut or more, may also 
occasionally be found in the spleens of children, especially if they have 
suffered from tabes mesenterica. 

SYPHILIS does not often produce any very definitely recognisable 
lesions in the spleen, though, in congenital syphilis and in the rapid febrile 
forms of the disesCse, the organ may be enlarged. There is usually well- 
marked, and sometimes extreme, proliferation of the endothelial cells lining 
the pulp-sinuses — a condition which has sometimes been mistaken for 
an endotheliomatous tumour {see below, under Tumours). Gummata 
may occur, but are not very common. -^Deep, irregular cicatrieps, sending 
fibrous bands into the interior of the organ, may result from the absorption 
of these — cf. the similar phenomena seen in the hver. Changes in the 
spleen i» syphilis may also be secondary to syphilitic disease of the liver, 
as well as due to the local action of the virus upon the spleen itself. In 
the latter case, especially in congenital syphilis in infants and young 
children, Sjpirochceta pallida may be present in large, and often in 
enormous, iiumbcrs in the spleen-lesions. The relationship of syphilis to 
waxy disease has already been discussed. 

LEPROSY. — ^When this disease has become sufficiently advanced, the 
endothelial cells of the spleen-pulp are found to be proliferated and 
enlarged, and may contain great numbers of the causal organism, 
B, leprcB. 

HODGKIN’S DISEASE.-— This condition, which presents close resem- 
blances to a chronic infective process, usually affects the sxfieen in a very 
characteristic manner. For a description of the disease, see p. 640. 

TUMOURS OF THE SPLEEN. — Primary tumours of the spleen are 
exceptionally rare. Lymphomas, lympho-sarcomas, and endotheliomas 
have been described. Gert^ain cases described as endotheliomas, e.g. the- 
so-called ‘ “ *primitive endothelioma” of Gaucher, are more probably 
of the nature of a chronic irritative endothelial proliferation or hyper- 
plasia, than true neoplasms. Secondary growths of cancer and sarcoma, 
especially melanotic sarcoma, may occur, but, except where its surface is 
involved as part of a general peritoneal spread, the spleen, as a rule, 
escapes the presence of metastases, even when these are numerous in 
other organs. This may be due to the active phagocytic processes and 
ferment-reactions which form a large part of the function of the 
organ. 

ANIMAL PARASITES. — Hydatid Cysts may occur in the spleen, but 
are not common. They may be of large sx|| |y and are not unusually 
associated w%h the presence of similar cysts iii the liver. Cysts due to 
Cysticerd and* to Pentastoma denticulatum have also been found. 

Malarial and other protozoal parasites, e.g. the Leishman-Donovan 
bodies of Kala-Azar,* may pass certain of their developmental stages in 
the spleen, as well as in the bone-marrow and elsewhere. Reference has 
l^lready been made to the acute enlargement of the organ during a 
44 
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paroxysm of malaria : and to the chronic enlargement which may super- 
vene upon a series of such acute attacks. In the latter case, the enlarge- 
ment may be very considerable, and the enlarged organ (“ ague cake ”) 
is very liable to rupture from injury. There may be thickening of the 
capsule from the occurrence of peri-splenitis. The trabeculse and adenoid 
reticulum become coarser; and the condition is usually associated with 
chronic venous congestion. The Malpighian bodies tend to become 
atrophied; and the most characteristic phenomenon is the marked 
proliferation, enlargement and phagoc)rtic activity of the endothelial 
cells, which may contain numerous infected blood-corpuscles and parasites, 
and the pigment derived from these. 


SPLENIC AN/EMIA or PRIMARY SPLENOMEGALY ^ 

This extremely chronic disease, which is commoner in males than in 
females, is specially characterised by enlargement of the spleen^ often 
enormous in degree, associated, particularly in its later stages, with 
extreme diminution in the numbers of all the formed elements of the blood, 
and, usualjy, with the occurrence of hsematemesis and melaena or, less fre- 
quently, of epistaxis and other forms of hajmorrhage. The spleen is firm 
in consistence, and has a homogeneous pinldsh-red colour on section. The 
Malpighian bodies are widely separated and usually extremely atrophied, 
there being proliferation and greatly increased phagocytic activity of the 
endothelial cells of the^pulp, which ingest red blood-corpuscles and con- 
sequently contain a large amount of blood-pigment. There is, in addition, 
a progressive fibrosis or increase of the fibrous tissue of the organ, due 
to thickening of the adenoid reticulum and fibrous trabeculae. Hemo- 
rrhages, large infarct^, and chronic peri-splenitis, often with adhesions to 
neighbouring structures, are common. 

1 For an interesting discussion on “ Splenic Enlargements other than 
Leukflemic,” by Osier and others, see British Medical Journal^ October 17, 1908, 
p. 1161. Osier, in his introductory paper, gives the following clinical grouping 
(which does not profess to be complete) of such splenic enlargements : — 

“1. In children, disturbances of metabolism and in chronic intestinal affec- 
tions ; Rickets, amyloid disease, and in a large but ill-defined group of intestinal 
disorders, particularly in the tropics ; the pseudo-leukaemia infantum. 

** 2. In the infections : Syphilis, malaria, kala-azar, and other forms of tropical 
splenomegaly, Hodgkin’s disease and tuberculosis. ^ 

“ 3. lu primary disorders of the blood-forming organs.: Leukaemia, pernicious 
anaemia, chSorosis, haemachromatosis ; polycy thaemic splenomegaly. 

“ 4. In cirrhosis of the^iver : Syphilitic, alcoholic, hypertrophic of Hanot. 

‘*6, Hereditary and fam^ forms of splenomegaly: (a) With the congenital 
acholuric icterus; (6) with olpfstitutional disturbances, dwarfing, etc. 

“ 6. New growths and parasites; Sarcoma, primitive endotheliomg of Gaucher ( ?), 
Echinococcus, and the Schistosoma of Japan. 

‘ “7. Splenom eg^ y not correlated with any of the above or with any known cause ; 

Banti'^ disease, with its three stages of (a) simple enlargement, (6) ^lenomegaly 
Mrith mtmxai&r (c) splenomeg^y with anaemia, jaundice, affd ascites.” 

Jn tKHAU'Y of these condi^ons, however, the enlargement may be only .moderate 
Jli degree, and in some, e. g, pernicious anaemia, it is by no mhans constiiint. For 
details, reference shoeild be made to the original paper, 
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In the early stages of the disease, the blood ma)’^ shew little or no 
alteration. Later/ there is diminution of the erythrocytes to three, two- 
and-a-half, or ev^n to two, millions per c.mm. Nucleated and other 
abnormal varieties of red cell are, however, comparatively uncommon. 
The hsemogloUn-percentage may fall to 30, 25, or even 15. All varieties 
of leucocytes are also eictremely diminished in numbers, the total count 
falling, it may be, to 1200, 1000, 800, or even less—sometimes with slight 
intermissions. 

The bone-marrow in two cases which one of the authors had, through 
the kindness of the late Dr. G. A. Gibson of Edinburgh, the opportunity 
of examining during life (the specimens being obtained by trephining 
the tibia), shewed well-marked gelatinous degeneration, with diminution 
in the number of hsemopoietic cells, which, however, appeared to retain 
their normal ratio to one another. 

The liver in this disease may be slightly enlarged, and may shew 
cirrhotic changes, usually combined with fatty degeneration. When this 
cirrhotic condition of the liver is well marked, the disease is known as 
Splenomegalic Cirrhosis or Banti’s disease — jaundice and ascites super- 
vening upon the other symptoms already mentioned. Osier regards 
these hepatic changes as a late stage of the disease under discussion. 
Changes in the portal vein, sugh as endophlebitis, stenosis, and calcifica- 
tion, have been described in a few ofl^he cases, and are probably secondary 
to the splenic condition. 

The main phenomena of the disease appear to be an abnormally 
increased capacity of the spleen for blood-destruction, probably under the 
stimulation of some toxin : and the progressive fibrosis of the organ, 
with secondary changes in the bone-marrow, blood, and liver. The 

disease, if not too advanced, has, in many instances, been cured by 
splenectomy (Osier, Warren, and others, and in several cases investigated 
by one of the authors). 

ANiEMIA or PSEUDOLEUKiEMlA INFANTUM of von Jaksch.— This 
is a disease of infancy and early childhood, and is commoner in the female 
than in the male. It is usually chronic in its course, and may be as- 
sociated with gastro-intestinal disturbance, rickets, or syphilis. It is 
characterised by great enlargement of the spleen, and moderate increajSe 
in the size of the liver. There is no leuksemic infiltration of the liver and 
other organs. The lymphatic glands may be slightly enlarged, and the 
marrow is described as shewing an erythroblastic reaction. The blood 
. is characterised by marked diminution in the red corpuscles (usually to 
between three-and-a-half and one-and-a-half millions, or even less in severe 
cases), nucleated reds being, as a rule, extremely abundant, and shewing 
degenerative changes, and sometimes mitotic division. Megaloblasts are 
found in severe and advanced cases. The leucocytes shew a characteristic 
increase, e.g. from 20,000 to 50,000 or more, in which sometimes t|ie 
polymorphs, but, more typically, the mononuclears, predominate. Small 
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numbers of myelocytes have been observed in some cases. Degenerative 
changes are very common in the white cells. 

Ewing ^ is of opinion that some of the cases which have been pub- 
lished may have been of the nature of pernicious anaemia, whilst others 
may have been leukaemic in nature; but, putting these doubtful cases 
on one side, others remain which conform to the type described by von 
Jaksch, in which the blood-picture corresponds with the above description, 
and the visceral changes characteristic of pernicious anaemia and leukaemia 
are absent . Ewing suggests that the condition i s a return of the emb^^^nic 
haeinopoietic function of the liver, under the stimulus of somclblitfown 


toxic agent. 


....it 


SPLENECTOMY. — The results of removal of the spleen have been 
studied experimentally in animals; and in man, in cashes of injury 
and in certain diseased conditions, more especially in splenic ansemia. 
The results in both sets of cases are comparable. The organ is not 
necessary to hfe ; and its removal is followed by a transitory fall in the 
number of red blood-corpuscles, varying in degree and duration, but 
usually disappearing in from one to six months or a year. The amount of 
haemoglobin is also diminished, and megalocytes may appear in the circulat- 
ing blood . There is usually a distinct increase in the numbers of the leuco- 
cytes, somewhat variable in its amount and characters. The polymorphs 
are, as a rule, the principal cells which shew an increase, but this increase 
may subside and be followed by a lymphocytosis, and also, it is said, by 
a characteristic increase in the eosinophils. In some instances, however, 
all these changes may be comparatively slight, or even absent. Hyper- 
plasia of the bone-marrow, and also a slight increase in the size of the 
lymphatic glands, have been described in some cases. Splenectoniised 
animals may exhibit an increased susceptibility to certain diseases, for 
example, the inoculation of the spirillum of relapsing fever into monkeys 
in which the spleen has been excised, leads to a uniformly fatal result, 
in place of the regular, periodic attacks and possible recovery resulting 
in the case of the ordinary' animal. 


POLYCYTH/EMIC SPLENOMEGALY.— In this condition, the spleen may 
attain an enormous size. The seat of the primary disease is probably in the 
bone-marrow, and the phenomena in the spleen arc mainly those due to exces- 
sive hsemolytic activity (?'. e. phagocytosis, increase of pigment, etc.). The 
erythrocytes in the blood of such cases may be more than double their normal 
number; the haemoglobin is increased in amount; and the leucocytes may 
also be considerably increased in number. It has been suggested that some 
cases of this disease may be analogous to the leucocythaemias— in this 
instance, the condition affecting the erythroblastic, in place of the leucoblastic, 
elements of the marrow. (For synonyms and a fuller account of this con- 
dition, see p. 612.) 

1 'Ewing, Clinical Pathology of the Bloody 2nd edition, Henry Kimpton, London, 
1904, p. 271. 



CHAPTER XVllI 

DISEASES OF THE RESPIRATORY' SYSTEM 
DISEASES OF TJJE NASAL CAVITIES 

CONGENITAL ABNORMALITIES. — Complete absence of the nose, 
absence of tKe scptnm, and stenosis of the orifices, are very rare defects. 
Deviation of the septum, and defects due to involvement of the nasal 
cavities in the conditions of hare-lip and cleft-palate^ arc comparatively 
common {see p. 732). 

DISTURBANCES OF THE CIRCULATION.- Haemorrhage from the 
nose (epistaxis) is common. It may occur without any apparent cause, 
or it may result from the rupture of over-distended vessels in acute con- 
gestion or in chronic venous congestion of the mucous membrane. It 
frequently occurs in pernicious anaemia, leukaemia, and haenmphilia, and 
in other conditions in which the blood-vessels arc diseased, or the blood- 
pressure is unduly high , especially in Bright’s disease. It is not uncommon 
at the onset of typhoid fever and other infectious diseases. A ceitain 
amount of blood is often mixed with the purulent discharge of rhinitis, 
or with the exudate from inflammatory conditions of the accessory 
sinuses. 

INFLAMMATION 

(a) ACUTE CATARRH (Acute Rhinitis, Coryza) . — This always results 
from some specific irritant, and its commonest manifestation is the 
ordinary “ cold in the head,” but more intense forms are seen in scarlet 
fever and in diphtheria. It may be produced by the action of irritant 
fumes, but is more usually associated with certain infective conditions, 
such as influenza, measles, typhoid fever, etc. Cold is probably merely 
a predisposing cause, acting by lowering the vitality of the part. The 
mucous membrane is at first red and dry, and the vessels are dilated. 
Very soon, there is exudation of lymph with migration of leucocytes 
irom the distended vessels ; and a secretion, at first mucoid, later serous, 
and then muco-piirulent, appears. The organisms associated with this 
condition are. Staphylococcus albus and aureus, Streptococci, Pneumococci, 
various diphtheroids, B. pneumonice of Friedlander, M. catarrhalis, 
sometimes B. influenzee and the Meningococci. The condition is usually 
caused by a combination of several of these organisms, and not by any 
single group. 
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The posterior nares and especially the naso-pharynx are important 
areas for the lodgment of bacteria, and the naso-pharynx is generally 
recognised as the commonest position in which Meningococci are found in 
carriers, in contact cases and in patients actually suffering from cerebro- 
spinal fever. It has been found that in a considerable number of the 
carriers of meningococci, adenoids are present, and, in others, there are 
^ abnormaiities such as thickening and deformity of the septum, enlarge- 
ment or deformity of the middle turbinates and narrowness of the nasal 
cavities, associated with some oedema of the mucosa. All these conditions 
tend to bring about “ contact ” of the mucosa, and not only favour the 
genesis of carriers, but favour also the resistance to treatment. 

Cleminson ^ believes that the accessory sinuses are the main seat of 
meningococcal infection in carriers, and that these cavities, being often 
difficult to disinfect, are able continually to reinfect the upper and more 
secluded portions of the naso-pharynx. 

Adenoids. — Hypertrophy of the lymphatic tissue or naso-pharyngeal 
tonsil in the naso-pharynx, giving rise to “ adenoids,’* is very common in 
children. These adenoids, as already noted, are an important factor 
in producing carriers in cases of infection with Meningococci, but other 
bacteria, e,g, Pfeiffer’s B. influenzce, may also be arrested in these masses 
of lymphatic tissue, and adenoids may be the starting-point of tuber- 
culosis — ^the bacilli, air-borne or in milk, becoming lodged in this tissue. 

In certain cases, the exudate may be fibrinous, and a whitish false 
membrane may be produced. This is commonest in inflammation caused 
by B, diphtherice. The inflammatory changes may extend so as to 
involve the various accessory sinuses. 

(b) CHRONIC CATARRH . — ^This is, very commonly, a seqxiel of repeated 
acute attacks, and occurs particularly in syphilitic and in tuberculous 
subjects. Narrowing of the cavities, especially when due to, or asso- 
ciated with, deviation of the septum, is an important predisposing 
causal factor. The mucous membrane becomes thickened, especially 
over the inferior turbinate bones ; and, in some cases, polypi may be 
formed. This hypertrophic rhinitis may persist, and frequently it is 
followed by atrophic changes; dry crusts are formed, and extensive 
ulceration results. The secretion becomes purulent, and has an ex- 
tremely offensive odour. To this atrophic condition the term ozsena 
is applied. 

ORAHULOMATA AND TUMOURS 

TUBERCULOSIS may present itself in the form of localised tubercle- 
granulations, or more widely spread ulceration, and is probably most 
frequently observed on the cartilaginous septum. Lupus may extend 
from the face so as to involve the anterior nares and nasal cavities. 

^ Cleminson, " Naso-^pbaryngeal Conditions in Meningococcus Carriers,’* Brit 
Med. July 20, ^.1. 
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SYPHILIS* — ^Mueous patches occur in the secondary stages of the 
disease, and the catarrhal condition associated with ‘‘ snuffies ” in con- 
genital cases is well recognised. SpirochcBte pallida may be found in the 
secretions, but organisms of secondary infection, such as spirochcBtes of 
other types and^ various bacteria, are frequently present. 

Syphilitic affection of the nose occurs in the tertiary stage of the 
disease, gummata being formed either in the mucous membrane or in the 
deeper tissues. These gummata often involve the bones and cartilages; 
and ulceration and extensive destruction of the tissues may result. There 
may be perforation of the septum and of the palate, and destruction of 
the nasal bones. ^ 

TUMOURS.— Mucous and fibrous polypi, true papillomata, sarcomata, 
and both sqfiamous epitheliomata and glandular carcinomata may occur. 

The polypi are often the result of inflammatory changes, and may be 
composed of oedematous granulation-tissue. 

FOREIGN BODIES in the nose may become encrusted with lime-salts 
and form nasal calculi or rhinoliths. 

PARASITES. — Maggots or the larv^ae of flies, sporozoa {Rhinosporidium 
kinealyi), and fungi {AspergilliLs fumigatus) may occur. 

(PHARYNX. — Diseases of the pharynx are dealt with under the 
Digestive System.) 


DISEASES OF THE LARYNX 

MALFORMATIONS occur, but these are so rare and so unimportant 
that further reference to them need not be made. 

DISTURBANCE OF THE CIRCULATION.— Active hypersemia, acute 
and chronic venous congestion, and haemorrhages occur, but do not 
present any special features calling for description. 

. FOREIGN BODIES, such as particles of food, fish- or meat-bones, 
coins, buttons, teeth, etc., may gain access to the upper air-passages. If 
large, they may close the orifice of the glottis, but, more commonly, they 
give rise to dyspnoea and spasm, with subsequent inflammatory changes. 

INFLAMMATION 

(a) ACUTE CATARRH of the larynx occurs as a result of chemical or 
mechanical irritation, or may be caused, by some bacterial — or possibly 
protozoal-— or other irritant, as, for example, the catarrh which sometimes 
occurs during an attack of measles, whooping-cough, smallpox, or typhoid 
fever. Most commonly, it occurs as an extension or complication of 
catarrhal inflammation of the throat, trachea, or bronchi. The secretion, 
which is generally scanty, is at first mucous, and later muco-purulent. 
The mucous membrane is red and swollen, though the swelling is usually 
not very great, and does not commonly give rise to any obstruction. 
The suffocative attacks which sometimes occur in children with acute 
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laryngitis are due to spasm of the muscles of the glottis, sis well as to 
oedema of the neighbouring soft parts. 

(b) CHRONIC CATARRH may follow the acute form, or it may occur 
independently of it. Over-use of the voice, or exposure to cold, to 
irritating vapours, to dust, etc., are among the commoner predisposing*, 
causes which damage the tissues and allow bacterial invasion. The^ 
mucous membrane is thickened and its surface appears granular, 
probably the result of enlargement of the racemose glands. Flat, super- 
ficial, or crater-like ulcers are found in the region of the posterior com- 
missure, or in the epiglottis and the ary-epiglottic folds. Microscopically^ 
the mucous membrane shews an overgrowth of connective tissue. The 
contraction of tliis, and the later atrophic changes, may bring about 
stenosis of the larynx — a condition specially seen in syphilitic disease. 

(c) (EDEMA GLOTTIDIS.— In this condition, there is great swelling 
of the tissues of the glottis and its neighbourhood, with oedematous 
infiltration, especially of the looser structures — ^the whole of the mucous 
and submucous tissues being involved. As already stated, the oedema 
may occur during the course of Bright’s disease, or in so-called 
angio-neurotic cases (which are probably toxic or infective in origin), 
and also occasionally as the result of idiosyncrasy to certain drugs; 
but it is associated more commonly with acute or chronic inflamma- 
tory affections of the larynx. Thus, it may occur during an acute 
catarrhal inflammation, or in connection \Nith diphtheria, the pustular 
stage of smallpox, and in syphilis or tuberculosis; or it may be 
brought about by the direct spread of inflammation from adjacent 
parts, or by the direct action of an irritant, as, for example, the 
oedema which results from a scald produced by drinking boiling 
water: or from the action of a strong mineral acid, etc. The parts 
sj)ecially affected ‘are the looser submucous tissues of the ary-epiglottic 
folds, the ventricular bands, and, to a somewhat less extent, the 
epiglottis, especially at its base. Sometimes, particularly if the irritant 
be a septic one, the oeclematous infiltration is semi-purulent or purulent ; 
and may extend along the submucous tissue of the trachea for some 
distance below the glottis. 

(d) PERICHONDRITIS .— Inflammation of the perichondrium may 
be more or less chronic, and give rise to mere induration and swelling; 
but, more often, pus is formed under the perichondrium. This accumula- 
tion of pus cuts off the cartilage from its source of nutrition, and is 
generally followed by necrosis. The cricoid cartilage is most frequently 
affected, but the condition, especially when suppuration has occurred, 
may extend widely. Commonly a secondary result of tuberculosis or of 
syphilis of the larjmx, it may occur as a primary condition m cases of 
typhoid- fever, the lesion then being situated towards the base of the • 
arytenoid cartilages and close to the posterior commissure. 

(e) MEMBRANOUS LARYNGITIS. — In this condition, the larynx at 
first shews hyperaemia and increased mucous secretion. This is succeeded 
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by the formation of a more or less adherent greyish or yellowish membrane 
which, on microscopical examination^ is found to consist largely of fibrin 
^d entangled leucocytes, with also sofiie degenerated and degenerating 
cells of other varieties. Though, in the majority of cases, this false 
membrane is diphtheritic in origin, and, scattered through it, may be found 
the Klebs-Loefiler bacillus in association with other organisms, especially 
Staphylococci, Streptococci, and Pneumococci, yet, in some cases a mem- 
brane, similar in nature, may be produced in other infectious diseases, 
such as scarlet and typhoid fevers, and also as a result of violent irrita- 
tion, such as might be caused by the inhalation of steam. A varying 
degree of necrosis of the mucous membrane — especially in its more 
superficial layers — ^is also present. 

TUBERCULOSIS OF THE LARYNX is almost invariably secondary 
to tuberculous disease in the lungs, and occurs in two main varieties : — " 

1. Minute, shallow ulcers, which have been preceded by the forma- 
tion of small tubercle-granulations, may occur in or under the mucous 
membrane of the vocal cords. These ulcers are found especially on the 
parts of the larynx where the sputum most readily lodges, i. e, near the 
margins of the cords and on the posterior commissure. 

2. There may be extensive tuberculous infiltration of the tissues, 
accompanied by inflammatory oedema and secondary ulceration. In this 
condition of laryngeal phthisis, the tissues of the larynx, especially the 
ary-epiglottic folds and the epiglottis itself, are swollen, thickened, and 
ulcerated. The ulcers, at first small, become confluent, show a very 
irregular outline, and may lead to perichondritis, especially of the thyroid 
cartilage, and to extensive destructive , changes. Microscopically, the 
tissues in the deeper parts of the larynx are swollen and infiltrated with 
inflammatory products, and there are well-marked tubercle-follicles and 
giant-celled systems. Secondary involvement with other bacteria is 
frequent, and these bacteria aid both in the production and extension of 
the ulcerated area. 

SYPHILIS OF THE LARYNX occurs in various ft)rms and at any 
stage of the syphilitic infection. There may be merely a catarrhal 
condition, or a catarrh with shght erosioTis of the surface. “ Mucous 
patches ’’ or Condylomata, which are irregular papillomatous elevations 
of the mucous membrane, may be present ; or there may be irregular 
infiltration of the structures with gi-anulation -tissue. More character- 
istic changes, however, are the deep, irregular uiceration and extensive 
infiltration of the whole of the tissues of the larynx. The ulcers cause 
considerable destruction, not only of the mucous and submucous tissues, 
but also of the cartilages; and perforation may be brought about. The 
newly-formed infiltrating tissue undergoes cicatrisation ; and irregular 
contraction and partial stenosis are produced. The syphilitic ulcers 
are found most commonly at the upper part of the larynx in the region 
of the vocal cords, but they may occur at other parts, and may bring 
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iSOTldaty iXLWlt^TDajMrt of tbe ttachea and larger btonohi, especially 
'near the main bifurcation. They may give rise to perichondritis, more 
particularly of the cricoid cartilage. ^ 

LEPROSY and GLANDERS may attack the larynx, producing thicken- 
ing and ulceration. 

TUMOURS are not common, but papillomata and fibromata may 

occur. The former grow m9st frequently from the vocal cords; and 
the latter, on the cords, or at the base of the epiglottis. Other simple 
tumours are very rare. 

Primary carcinoma may occur, and is of the squamoUs epithelial 
type. Sarcomata are occasionally found. 

PARALYSIS of the muscles of the Larynx may be unilateral or bilateral, 
and may involve the abductors or adductors or both. The extent will 
depend on the size and the position of the lesion which involves the nerves 
of supply. Such lesions may be central, i, e. in the brain or spinal cord ; 
or they may be local, as aneurisms, tumours, etc., pressing on the vagus 
or the recurrent laryngeal nerves : or as neuritis of these nerves them- 
selves, e, g. in lead-poisoning, etc. Resulting from this condition, inflam- 
matory affections may be set up in the bronchi and lungs, e. g. through 
the inhalation of food — giving rise to broncho-pneumonia, etc, 

DISEASES OF THE TRACHEA 

CIRCULATORY DISTURBANCES^ similar to those seen in the larynx, 
to which reference has already been made, may also occur in the trachea, 

COMPRESSION by aneurisms, mediastinal growths, etc., may take 
place ; and, as a result of the erosion by an aneurism, or the necrosis and 
suppuration produced by breaking down glands, perforation may occur. 

INFLAMMATORY CONDITIONS are generally the result of the exten- 
sion of a laryngitis or a bronchitis, and present much the same features 
as are observed in the larynx or in the bronchi. 

GLANDERS : WOOL-SORTERS’ DISEASE.~The local lesion consists 
of swollen patches, often with considerable haemorrhage into them, in the 
mucous membrane in the lower part of the trachea and the large bronchi. 
The tissues are inflamed and oedematous, and ulceration may be present. 
There is always associated enlargement of the mediastinal and bronchial 
glands, and hsemorrhagic infiltration of the cellular tissues of the region. 
There are pericardial and pleural effusions, hsemorrhages'^into the serous 
membranes, and congestion, collapse, and oedema of the lungs. In the 
localiesions, B. mallei is present, usually in large numbers. 

TUBERCULOSIS and SYPHILIS also occur under the same conditions, 
and produce much the same lesions, as in the larynx. Further reference, 

. ^i^efore, need not be made to them. 

^ — Mmstl'y tumours are rare. Secondary cancers or 

which haVc spmad from the oesophagus, thyroid gland, or 
surrounding lyihpWti^ s^iructures, may occur. 



DISEASES *0F THE BESmATOBY SYST^ 


667 


1 DISEASES OF THE BRONCHI / 

* 

/In studying the diseases of the bronchi, it is essential to recall some of 
the more important points in the histological structure of these tubes ^The 
mucous membranfe is covered by a layer of columnar ciliated epithelium, 
beneath which there is a translucent homogeneous basement ‘membrane. 
Between the basement-membrane and the muscular coat, there is a layer 
of vascular connective tissue containing elastic fibres, in which masses of 
lymphoid tissue occur. The muscular coat or bronchial muscle (muscularis 
mucosse), which is really the deeper part of the mucosa, consists mainly of 



Fia. 298. — U’ransvorse Section of a Normal Bronchiis, shewing tho various 
structures mentioned in tho text, x 30. 

circular fibres, with, however, a few longitudinal ones. External to the 
muscularis mucosae is the adventitial coat, composed of loosely arranged 
connective tissue, which is continuous with the interstitial connective tissue 
of the lung. In this adventitial coat, the mucous glands and the cartilages 
are situated. In the smaller divisions of the intra-pulmonary bronchi, 
the adenoid tissue becomes gradually reduced in amount until, in the very 
minute branches, no trace of it can be found. In like manner, the 
cartilages become irregular and smaller, and finally disappear. On the 
other hand, the muscularis mucossB becomes thicker. The epithelium 
also alters in character, becoming more cubical, or even flattened in the 
terminal branches. On this difference in histological structure depends. 
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to a certain extent, the variations in the character of the lesions which 
are found in different parts of the bronchial tree, even although these 
may in each case be produced by the same initant. Thus, diseases of the 
larger bronchi resemble those of the trachea, with which their structure 
closely corresponds, and do not tend to spread to the adjacent lung-tissue ; 
whereas affections of the minute bronchi are more closely allied to those of 
the lung-parenchyma, and tend to spread to it. 

INFLAMMATION. — Inflammatory changes in the bronchi vary much 
in intensity. In the slighter forms, the larger and medium-sized tubes 



Fia. 209. — Metal Cast of a Small Bronchus and Bronchioles, shewing the Bulbous Terrnina J 
Vesicles or Infundibula. (Made by C. \V. Cathcart, C.B.E., SmI.C.S.E.) x6. 

are mainly affected. Where the minuter divisions of the bronchial tree 
are inflamed, the condition is generally, if not always, associated with 
accompanying disease of the lung-parenchyma. Thus, in describing 
Bronchial Catarrh or Bronchitis, it will be convenient to limit the descrip- 
tion to inflammatory changes in the larger and medium-sized bronchi, 
leaving the changes in the smaller branches to be d^alt with under 
Broncho-Pneumonia. 

I ACUTE BRONCHITIS OR BRONCHIAL CATARRH —This con- 
ditibn, when not associated with inflammation of the lung-parenchyma, 
is mainly confined to the medium-sized intra-pulmonary bronchi; and 
may arise from exposure to cold, the inhalation of irritant vapours, or 
by extension from a laryngitis or a tracheitis. The condition is very 
|^|l!^only associated with infectious fevers. The organisnis most 
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frequently present are Pneumococci and Streptococci, but B. influenzcB, 
M, catarrhalis, B. pneumonice of Friedlander, and other bacteria may be 
found. The mucous membrane appears swollen, and is of an intensely 
red colour. In the early stage, the membrane may be dry, but, 
later, it becomes covered by a mucous, muco-purulent, or a purulent 
secretion. The secretion, at first viscid, tough, and more or less 
translucent, is largely composed of mucin, which is poured out in 
excessive amount from the inflamed mucous glands. In the later stages, 



Fra. 300. — Transvorso Soction of a Bronchus ina caso of Aouto Bronchitis. Nolo tho very 
marked infiltration of the mucosa with inflammatory’ cells, the separation and swelling 
of the muscularis mucosae, the swelling of the ba.soment-membrano, and tho Irregular 
ai)poaranco of tho lining cells, x 45. 

it becomes less tough, more opaque, and yellowish- white or greenish in 
colour, owing to the infiltration of the mucin with the cellular and fluid 
products of the inflammatory process. Usually, the cellular content, in 
the early stages, is not high and consists mainly of a few leucocytes, red 
blqod-corpuscles and a few cylindrical epithelial cells (bronchial cells). 
There may be some mononucleated cells — ^the so-called “ mucous 
corpuscles,’’ derived probably from lymphatic masses along the tract. 
Later, when the muco-purulent stage is reached, the inflammatory cells 
(pus-cells) are very greatly increased and the epithelial cells have lost their 
shape and show various degenerations. Microscopically, there is general 
congestion with swelling of the mucous membrane, due to the dilatation 
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of tiie vessels and the transudation of lymph from them {^ee fig* 801). 
The lining epithelium is swollen, and the cells undergo proliferation and 
separation — sometimes in irregular masses— from the basement-mem- 
brane, which itself undergoes irregular swelling. The mucosa becomes 
infiltrated with leucocytes, and its fibres and the fibres of the muscukris 
mucosae are separated from one another and swollen by the accumulation 
and iipbibition of the transuded lymph. The mucous glands shew 
marked catarrhal changes. 



Fiq. — Acute Bronchitis — shewing congested vessels, thickened basement- 

membrane, proliferation of lining epithelium, and exude in the lumen. (The blank area 
in the centre is an artefact due to retraction of the exudate during embedding.) X 300. 

(2) CHROHIC BRONCHITIS occurs after repeated attacks of the acute ^ 
form, especially in people who have some intercurront affection of the^ 
heart or lungs which keeps up a congestion of the mucous membrane,! 
The seereUDO is often very abundant, and frequently presents all the 
^ characters of pus. It may be pigmented from the presence of carbon- 
pigjtnent or of altered blood. The mucous membrane is congested, and 
often shews a brownish-red, or even a slaty-blue, pigmentation, Some- 
'tinies; especially in the so-called sub-acute case^ the sputum is tenacious, 
v^d and Wiy. snmll m amount. Where the bronchitis is associated \ 
igi^h emphysej^, t^e ^^uaintity of sputum may vary considerably, and \ 
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I may consist of gelatinous or frothy mucus, or yellowish-white inuco- 
I' purulent exudate, often tinged with blood. It usually contains greater 
or smaller numbers of pus-cells and may shew blood-cells and pigmented 
alveolar epithelium. Occasionally, eosinophil cells are found, but these i; 
are more characteristic of true cases of Asthma. The lumen of the : 
bronchus may be dilated, and its normal corrugated appearance be to a; 
large extent lost. Later in the disease, the mucous membrane becomes 
thinned and atrophied, and through it the fibrous and cartilaginous frame- 
work of the bronchus becomes more apparent. Minute ulcers, just visible 
to the naked eye, are sometimes seen between the cartilage-rings. On 
microscopical examination, the epithelial changes are very pronounced, 
almost the whole of the ciliated cells having disappeared. They may, 
in parts, be replaced by columnar or polygonal epithelium, the mucous 
membrane becoming thinned and atrophied. The basement-membrane 
shews irregular thickening. The mucosa and sub-mucosa may shew 
very considerable swelling, the vessels be much dilated, and the mucous 
glands shew a condition of chronic catarrh and atrophy, some of them, it 
may be', becoming cystic from obstniction to their ducts. The mucosa is 
infiltrated with cells, mostly of the mononucleated type, and presents the 
appearance* of vascular granulation-tissue. At a later stage, the loose 
vascular stnicture of the mucosa may be replaced by well -formed fibrous 
tissue, which spreads to the lung-parenchyma. The cartilages may 
undergo degenerative changes and partial absorption, whilst, the muscular 
tissue becomes infiltrated with inflammatory cells, and may atrophy 
and be replaced by fibrous tissue. 

The bacteria associated with this condition are the same as those 
found in acute cases, viz. Sirepiococci, Pneumococci, B, influenzee, or, at 
any rate, Gram-negative bacilli practically indistinguishable from tliis 
organism, M. caiarrhalis, B. pneumonice of Friedlander, etc. 

(3) MEMBRANOUS OR PLASTIC BRONCHITIS.—This condition's 
characterised by spasmodic attacks, which come on suddenly, and, during 
which, casts of portions of the bronchial tree arc expectorated. The 
attacks are often preceded by hsBmorrhage, These casts are whitish or 
greyish-white in colour, and branches, corresponding to the divisions of the 
bronchi, are seen if the cast is floated out in water. The mode of their 
formation is unknown. They are generally regarded as being composed of 
masses of fibrin, and hence the condition has been called “ Fibrinous 
Bronchitis.” In some cases, however, the cast is composed mainly of 
masses of epithelial cells, with little or no fibrin. Similar casts, which are 
definitely fibrinous in character, are sometimes seen in the bronchial tubes 
in cases of diphtheria; and, in cases of acute pneumonia, a fibrinous 
exudate may form in the smaller bronchi, giving rise to casts, which may 
be expectorated. 
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STENOSIS, SPASMODIC CONTRACTION, AND DILATATION 

STENOSIS OF THE BRONCHI may be caused from without by the 
pressure of tumours or aneurisms. Tumours, especially sarcomata of the 
mediastinum, may extend along the bronchi, compress and invade their 
walls, and thus cause very considerable narrowing or even complete 
obstruction. 

Narrowing also results from spasmodic contraction of the muscular ■ 
wall ; and it is generally held that, in asthma, this narrowing of the finer I 
bronchi is the essential pathological change, the muscular spasm being ^ 
the result of nervous agencies. It is doubtful whether the muscular | 
spasm is the sole cause of the asthmatic attacks, for there is always, 
associated with these attacks, actual swelling of the mucous membrane, 
and generally also the presence of exudate, which may be of a fibrinous 
nature. The small octahedral Gharcot-Iicyden crystals, which Leyden 
considered as causal of the muscular spasm, cannot now be thus regarded. 

DILATATION OF THE BRONCHI (BRONCHIECTASIS).~-Probably, 
in most cases, this condition is produced by several causes which operate 
together. Of these, two of the most important are increased intra- 
pulmonary pressure, and weakening of the walls of the bronchi. The 
increased intra-pulmonary pressure is commonly associated with bronch- 
itis or laryngeal stenosis; whilst the weakening of the walls of the 
bronchi may be congenital, or may result from prolonged inflammatory 
changes and retention of secretion, which occurs round a foreign body 
such as a tooth, a collar-stud, fragments of food and the like, which 
have been inhaled into the bronchus and become impacted. The smaller 
bronchi are much more liable to become bronchiectatic than the large 
ones, and, in such conditions as broncho-pneumonia, dilatation of the ? 
bronchioles is frequently observed. This is common in acute broncho- 
pneumonia in children, but it is specially marked in those cases in which 
resolution is delayed and incomplete and in which a fibrosis of the affected 
lung-tissue has occurred, and is usually most marked in the lower parts 
of the lower lobes. In cases of congenital atelectasis, in which portions 
of the lung do not expand at birth, and remain miexpanded, the bronchial 
walls are usually not so well developed as in other parts of the lung. The 
dilating force, in these cases, must be the action of the inspired air. Old- 
standing inflammatory changes act, not only by weakening the walls of 
the bronchi, but by producing an overgrowt-h of fibrous tissue in the 
surrounding lung. This fibrous tissue, by its contraction, pulls on and 
dilates the walls of the bronchi, especially if the pleural sac is obliterated 
by adhesions. The dilatation which occurs in the various forms of 
mterstitial pneumonia is due largely to this dragging on the tubes by the 
newly formed and contracting fibrous tissue. In chronic phthisis, too, the 
Ijil^nchiectasis is in part due to the same cause, though the weakening 
i)it the walls by tuberculous ulceration and inflammatory changes set up 
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by the decomposition of the retained secretions, and by the loss of support 
due to the destructive processes in the lung, must play an important part. 
The direct cause of the dilatation, in the majority of cases, is the increase j 
in the intra-pulmonary pressure produced by coughing. I 

Morbid Anatomy. — The dilated bronchi may be sacculated or digitate. 
The sacculated form is seen especially in the various forms of tuberculosis, 
where local inflammatory and destructive processes are at work. The 
dilated tubes may assume the form of large, irregular cavities. These 
have usually a definite lining membrane, and direct communication with 
an open bronchus can generally be made out. 

In the digitate or cylindrical form,J}he medium-sized bronchi, through- 
out a considerable part of the lung, are unduly widened, the cause here 
being a mor^ or less general one, such as prolonged bronchitis. The 
dilatation may be regular, but, more commonly, the tubes shew a diffuse, 
irregular beading. This digitate or cylindrical form is seen in the smaller 
bronchi in cases of pneumonia. 

Morbid Histology. — The microscopical appearances of the dilated 
bronchi vary considerably, the variation depending, to a certain extent, 
on the exciting cause. If the inflammatory changes are marked, the 
tissues of the wall are infiltrated with inflammatory cells, and the normal 
structures are more or less altered or destroyed ; whilst, in other cases, the 
structures of the wall may be thinned and stretched, but can all be dis- 
tinguished. The epithelium lining Jthe cavity may be intact, or it may be 
destroyed, and the whole mucous membrane may be replaced by granula- 
tion-tissue. The secretion, or exudate —generally abundant — has a very 
foetid odour. It is usually greyish or greyish-brown in colour, fluid, 
and purulent ; though, in some cases, it is thick, viscid, and blood-stained. 
Pus-cells are found in considerable numbers ; elastic tissue may be present 
when destruction of the walls is taking place; fatty-acid crystals, 
cholesterol-, and hsematoidin- crystals arc sometimes found ; and alveolar 
epithehal cells containing pigment, mucin, or fat, are generally present. 
Occasionally, calcium salts are deposited’, giving rise to the so-called 
lung-stones. In addition to various pathogenetic bacteria, putrefactive 
organisms are present in considerable numbers. 

ASTHMA. — Though there are no characteristic pathological changes 
in asthma, the sputum is very typical. During the attack, it may be 
scanty, containing thick glairy mucous balls in a clear, frothy mucus. 
These mucous balls are translucent to pale-g^ey or greyish-yellow 
in colour, and contain mucous moulds of the smaller tubes, which 
are cylindrical or sausage-shaped masses of thick mucous threads or 
spirals or definite Curschmann’s spirals. In the sputum are found 
alveolar cells and eosinophil leucocytes. The Curschmann’s spirals 
occur in practically every true case of bronchial asthma, and are « 
found particularly at the end of the paroxysm. They consist of a mucous 
mantle, containing eosinophil and epithelial cells and a refractile central 
45 
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fibre of altered mucus which is often subdivided into fine fibrils. They 
are found also in some cases of chronic bronchitis without symptoms of 
asthma. Various organisms, e,g, capsulated st reptococ ci, are of frequent 
occurrence in the bronchitic casts in asthma, though their causal 
relationship to the disease is not established. 

TUMOURS 

Primary cancers arising from the mucous glands have been described, 
but are w^ery rare. Fibromata, chondromata, and lipomata may occur; 
and secondary growths, both cancerous and sarcomatous, may involve 
the bronchi. 


DISEASES OF THE LUNGS 

- GENERAL FACTS.— Brief reference must be made to certain anatomical 
considerations which liavo an important bearing on the distribution and the 
character of pathological conditions in the lung. 



Fig. 302. — “ Fusible metal " Cast of a Bronchiole and its Infundibular Passages, etc., 
shewing the saccular appearance of the infundibula. (Made by Chas. W. C^rthcart, 
C.B.E., F.H.C.S.E.) x7. 

In the walls of the lung-alveoli there is a considerable ambunt of clastic 
tissue, in which is embedded a rich network of capillaries which arc the terminal 
branches of the pulmonary artery. The alveoli are lined by flattened cells 
an endothelial type, and communicate with the terminal branches of the 
bronchioles. Besides the pulmonary arterial supply, there is, in addition, 
a supply from the bronchial arteries. The latter nourishes the walls of the 
|>rpncm and the connective-tissue framework of the limg itself. The return 
.jlTCulatipn for both the pulmonary and the bronchial arterial supply is mainly 
parried on thrOu^ fte pulmonary veins. The distribution of the lymphatics 
of the lungs is o| considerable importance, for it is mainly along these 
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passages that irritant materials are carried to different parts of the organ. 
They are found in the walls of the alveoli, and also pass along the walls of 
the bronchi and the vessels. Another system of lymphatics commences 
immediately beneath the pleura, and penetrates along the various septa of the 
lung. The lymphatic trunks leave the lung at its root*. Particles inhaled 
into the small bronchi and alveoli readily pass into the lym])hatic system, 
and are carried along the lymphatic channels by phagocytic cells and lodged 
in the fibrous-tissue framework of the lung itself, e. g. in the subserous con- 
nective tissue, inter-lobular septa, ])cribronchial tissue, etc., and in the 
lymphatic glands and elsewhere. ^ ^ 

MALFORMATIONS 

Complete congenital absence or extreme smallness of one or both lungs 
has been described. Absence of one or more lobes has also been noted 
by some observers. Other abnormalities, e.g. in the number *and size 
of the lobes, and the presence of additional sulci, are common. Con-* 
genital abnormahties of the pulmonary vessels occasionally occur, such as 
absence of one of the pulmonary arteries —a bronchial, or even an 
inter-costal, artery coining directly from the aorta, enlarging and taking 
its place. 

INJURIES. — There seems little doubt that clean perforating bullet- 
wounds of the chest may produce no serious pathojogical change, and that 
the patients may recover quickly and completely. But, in the majority of 
cases, there is added to the simple puncture the effects of laceration, 
contusion and haemorrhage and b^terial infection.*' The actual amount 
of destruction will, of course, depend on the shapes size, direction, and 
velocity of the penetrating missile. The lung-wound, in the majority 
of fatal cases, is characterised by laceration and bruising, with wide 
extravasation of blood into the tissues surrounding the track. Pneumo- 
thorax is not common in these cases, but hsemothorax occurs in a con- 
siderable proportion. If the lung is healthy, hsemothorax generally 
causes collapse and hinders the spread of infection. Localised sepsis Is 
common in these cases and may occur in both collapsed and unc'ollapsed 
lungs; but the spread of the inflammatory area, producing patches of 
septic broncho-pneumonia at some distance from the original wound, is, 
according to Henry and Elliott,^ unusual in the collapsed lung. According 
to these authors, the septic broncho-pneumonia starting from the wound 
and spreading throughout the lung is always most marked , in cases of 
lupg-laccration without hsemothorax, but, when ha3mothorax occurs, the 
laceration is relatively harmless. 

GAS-POlSONING. — The effects of such heavy gases as chlorine or 
bromine have been specially investigated, and chlorine was largely used 
as the drift-gas for offensive purposes during the late war. The im-* 
mediate effect was to produce asphyxia and death. If, however, the subject 
survived immediate asphyxia, great dyspnoea supervened. Intense con- , 
gestlon of the mucosa of the trachea and larger bronchi was produced ; the 

^ Henry and Elliott, “Morbid Anatomy of Wounds of the Thorax,” Jbur. , 
R.A.M.C., vol. xxvii., p. 625. * 
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tubes became filled with a thin, light-yellow, frothy secretion, which was 
richly albuminous. The lungs shewed intense oedema and congestion, with 
irregular areas of emphysema — apparently produced acutely. Various 
stages of this oedema and congestion were found in different cases. Such 
cases often had a very slow and prolonged convalescence, and were liable 
to chronic bronchitis and various secondary infections. 

With phosgene-gas the results, in the lungs and air-passages, were 
very similar to those obtained with chlorine, though capillary thrombosis 
in the lungs was frequently found. The pathology of the effects of 
mustard-gas was different. After a latent period of twenty-four hours, an 
intense inflammatory action set in which brought about complete necrosis 
of the bronchial mucous membrane. At a later period, in those who 
recovered, fibrosis occurred around the lumen of the bronchi, and a great 
tendency to bronchitic attacks was a sequel. 

DISTURBANCES OF THE CIRCULATION :~ 

(tt) ACTIVE HYPEREMIA. — ^This is, usually, the result of some in- 
fective process, or is produced by the inhalation of irritating fumes or 
gases, or of organic or inorganic particles which act as mechatiical irritants. 
It is a marked feature of the inhalation of “ poison-gas,” is often 
present after cther-ansesthesia, and is almost a constant feature in all 
acute infective diseases, whether of bacterial or toxic origin, e. g, measles, 
septicsemia, etc. It is very often only an early stage of acute inflammation 
of the lung, the vessels in the alveolar w^all shewing marked dilatation, 
and the alveolar spaces containing lymph or even blood. A collateral 
hypersemia sometimes develops in one part of a lung, when there has 
suddenly arisen a considerable degree of obstruction to the pulmonary 
circulation in another portion of the organ. Thus, embolism or thromb- 
osis of the pulmonary artery may produce collateral hyperaemia. 

(b) PASSIVE HYPERiEMIA OR VENOUS ENGORGEMENT.— Venous 
engorgement may occur rapidly, especially in conditions which lead to 
embarrassment of the heart’s action, such as results from weakness, from 
cerebral conditions, e^g. epilepsy, coma, etc., and also in cases where 
thrombosis of the pulmonary veins has occurred; but it is generally a 
slowly developed and chronic condition, and is commonly described 
under the term Chronic Venous Congestion. It is due to anything which 
prevents the free outflow of blood from the lungs, tl^e commonest cause 
being disease of the heart, due either to some valvular lesion which 
interferes mechanically with the pulmonary circulation, or to muscular 
weakness of the heart lessening its driving power. The cardiac valvular 
lesion which gives rise to this condition in its most pronounced degree 
is stenosis or incompetence of the mitral valve. Even when, by hyper- 
trophy of the various chambers of the heart, and especially of the right 
: v'^^tricle, circulatory compensation seems to be established, there is still 
pin increase of pressure in the pulmonary circulation, and, in consequence, 
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a condition of venous engorgement. If compensation is not established, 
the engorgement becomes much more pronounced; and indurated, ill- 
defined patches, varying considerably in size, and often situated towards 
the lower part of the lung, are produced. They arc* specially abundant 
where there has been a large amount of capillary haemorrhage. The lung, 
especially at these areas, is of a dark brick-red colour, and tough and 
indurated in its consistence. This condition is very commonly described 
as Brown Induration, but Hasse originally used this term for irregular 
patches of lung-tissue in which the air-spaces became filled with pigmented 



Fig. 303. — Lung in Chronic Vonoiis (Congestion, shewing varicosity and tiiickening of 
the alveolar capillaries, and the presence of catarrhal colls ami blood-corpuscles in 
the alveolar spaces. 200. 

cells, and which were probably areas of old iiifaiction. There was not 
necessarily chronic venous congestion associated with tfiem. On micro- 
scopical examination of typical cases of chronic venous congestion, the 
veins and capillaries are distended, those in the alveolar septa being very 
prominent, giving to the latter a beaded appearance. The walls of the 
distended vessels are much thickened. Tlie .dveolar spaces contain 
blood and catarrhal cells in varying quantities, and, in some areas, 
the lung is rendered almost airless by this filling up of the air-spaces. 
The catarrhal cells originate mainly as proliferated and cast-ofi cells from 
the endothelial lining of the alveoli. They are phagocytic, take up 
red blood-corpuscles and pigment derived from these, and also any 
particles of carbon which may be present, pass into the lymphatics of the 
alveolar walls, and are carried to the peribronchial and perivascular 
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lymphatics, to the lymphatics in the deep layer of the pleura, and to the 
bronchial glands— in all of which situations they deposit their pigment. 
In addition to the thickening of the walls of the veins and capillaries, 
there is also an increase of fibrous tissue throughout the lung. In this 
thickened fibrous tissue, and also in the alveoli, the pigment, derived 
from the blood, is present in the form of brown granules. It is probable 
that this pigment, by the irritation of its presence, is responsible for, at 
any rate, part of the fibrous overgrowth which is so constantly found in 



Fig. 304 — Largo Pulmonary Infarct, shewing 
tho wedge-snaped, haemorrhagic area to- 
wards the lower margin of the lung, and 
thrombosis of the corresponding branch of 
tho pulmonary artory. 


the lung in this condition. 

The vessels in the broftchial 
wall, and especially those of the 
smaller bronchi, where there is 
an anastomosis between the 
pulmonary and bronchial cir- 
culation, become distended. In 
addition, there is a thickening 
of both the mucous and sub- 
mucous coats of the bronchi, 
leading to catarrhal changes and 
even to obstruction. Haemo- 
rrhage may occur from rupture 
of the over-distended vessels in 
the bronchial walls or in the 
lung-alveoli. 

The sputum, especially in 
cases due to disease of the mitral 
valve, consists of white mucus 
with areas of “ rusty ’’ colour, or 
of a uniformly rusty mucus. The 
colour is due in part to blood, 
but mainly to alveolar epithelial 
cells loaded with golden-yellow 
amorphous pigment derived 


from the red blood-corpuscles, 
(c) PULMONARY INFARCTION frequently occurs in the lung in 
cases of chronic venous congestion. The raised, dark plum-coloured 
areas stand out prominently on the surface of the lung. This subject is 
fully dealt with under Circulatory Disturbances {see p. 158), and need 
not be further referred to here, except to say that the sputum, in these 


cases, consists of tenacious mucus mixed with pure blood or balls of 
glairy mucus streaked with blood. Microscopically, ^he red blood- 
corpuscles are very abundant, and there are few leucocytes or other 
cells. This characteristic of the sputum is lost in a few days. 

id] PULMONARY EMBOLISM AND THROMBOSIS.— Pulmonairy 
arise usually from vegetations on the right side of the heart, " 
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thrombi in the right auricle or ventricle, or thrombi in the systemic veins. 
These emboli do not necessarily produce infarction. If they are septic, 
softening of the wall of the vessel may take place and definite aneurisms 
be formed. This condition of embolic aneurism in* the lung is rare — 
only five or six cases being described in this country, and three of these 
resulted from the detachment of vegetations in the valves and one from 
a thrombus in the veins of the leg. 

Emboli giving rise to pysemic abscesses are dealt with on pp. 148 and 
696. The subject of embolism and thronibosis in the hing is discussed 
in Chapter V., p. 158. 

^ CBDEMA OF THE LUNGS is vQry common where there is general 
weakness of the heart, or where the circulation is in any way embarrassed. 
Thus, it is practically always present iji debilitating diseases, especially 
if the patient is confined to bed, in most forms of anaemia, and in cardiac 
disease w^here, from any cause, there is venous engorgement. In cases 
of chronic Bright’s disease, it occasionally develops very rapidly from 
some unknown cause, and, in these cases, the change may be confined to 
one lung, or even to a part of one lung, e. g, the upper lobe. This is said 
also to occur in cases of artcrio-sclcrosis without, at any rate marked, 
changes in the kidney. , 

Though sometimes, as in Bright’s diseavse, occurring without hyper- 
sernia, the condition is almost constantly associated with acute T)r chronic 
venous engorgement. The posterior and basal parts of the lungs are, 
usually most affected, gravitation being probably an important deter- 
mining factor. Thus, if the patient is going about, the lower lobes are 
specially involved; whereas, if he is lying in bed, it is in the posterior 
parts that the most intense degree of oedema is found. This oedema is 
partly inflammatory in nature and due to lymph exuded from the 
distended vessels. In cases in which the congestion is a marked feature, 
and where the oedema is specially present at the lower part of the lobe, 
the term Hypostatic Engorgement or Hypostatic Congestion has been 
applied to the condition. The affected parts present, after death, a dark 
blue or purplish-red colour, and the tissue is more solid than normal. If 
the lung is incised and squeezed, a frothy fluid, usually mixed with blood 
or blood-pigment, is expressed from the cut surface. On microscopical 
examination, the capillaries are seen to be distended, and the alveoli 
contain some granular material— -indicating the presence of serous fluid — 
and perhaps a few blood -corpuscles. Catarrhal cells, in larger or smaller 
numbers, may also be present. 

The sputum may be frothy, colourless or blood-stained, and very 
watery. 

In oedema without venous congestion, the lungs are usually pale, and 
a clear, pale yellow, frothy fluid can be expressed in considerable quantities 
from the cut surface. This condition is often well seen in cases of 
pernicious anfemia. 
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COLLAPSE AND ATELECTASIS 

^ The term Atelectasis has been applied to two distinct conditions — 
one in which the lung has never been properly expanded with air, and 
the other in which the previously expanded lung has become compressed 
or collapsed. The latter should be called collapse. 

CONGENITAL ATELECTASIS-or ATELECTASIS PROPER—is found 
in new-born infants where the inspiratory power has been insufficient to 
expand the lungs, and is, of course, complete where death of the foetus 
has occurred in utero. Deficiency of inspiratory force may result from 
general weakness, from compression of the thorax, or from interference 
with the respiratory centres by cerebral haemorrhage; or it may be 
produced by obstruction of the air-passages by foreign uiaterial, e.g, 
meconium or mucus. 

The commonest situation in which the condition is found is in the . 
lower lobe, especially its posterior part, though in many cases it may be 
more widely spread, and may be seen in the middle lobe of the right 
lung, the edge of the left lung where it overlaps the heart, or even involving 
the whole of one lobe. The unexpanded area is usually dark-reddish 
in colour, very tough in consistence, quite airless, and depressed below 
the level of the surrounding lung-tissue. In its general naked-eye appear- 
ance, the condition cannot be distinguished from true collapse^ but, on 
microscopical examination, the collapsed lung usually shews, in its alveoli, 
catarrhal cells and inflammatory exudate, and frequently, also, inflam- 
matory changes are present in the bronchi ; whereas, in the unexpanded 
lung, if the child is stillborn or dies soon after birth, these appearances 
are absent, and the part can be inflated from the communicating bronchi. 
If the patient lives, proliferative changes take place in the connective 
tissue, the walls of adjacent septa may become adherent to one another, 
and thus an actual obliteration of the lung alveoli may occur. Some of 
the cicatrix-like marks sometimes seen in the adult lung are supposed 
to result from the at/rophy of these unexpanded areas. 

Secondary dilatation of the bronchi and bronchioles may occur 
in consequence of atelectasis, and, by some authors, is regarded as 
compensatory. 

COLLAPSE. — Collapse of the lung after it has become expanded 
may occur in young infants, and cannot, without microscopical examina- 
tion, be distinguished from congenital atelectasis; but the variety of 
collapse to which reference is now specially made is that which occurs 
later in life. It may involve practically the whole of the lung, or it may 
be partial in its distiibution. 

(a) Collapse of the entire lung may result from compression of the 
organ from without by pleural effusions or by large tumours. The lung 
is compressed backwards and inwards towards its root. It becomes 
of a slaty-grey colour, and is very tough and fleshy in consistence. If 
the condition persists for a long period, atrophy of. the aerating tissue 
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of the lung takes place, accompanied by dilatation of some of the bronchi, 
especially the larger ones, and by a fibrous overgro\^d;h of the connective 
tissue in the deep layer of the pleura, the inter-lobular septa, and the 
peri-vascular and peri-bronchial sheaths. The blood-vessels become 
thrombosed and partly obliterated by endarteritis. The portion of lung 
immediately adjacent to the root often escapes, even in very extensive 
collapse. 

(b) Collapse of portions of the lungs is very common, and may 
be the result of any condition which tends to reduce the internal, or 
increase the external, pressure on the tissue of the lung. Thus, all con- 
ditions which diminish the inspiratory force or obstruct the entrance 
of air into the lungs, tend to produce collapse; and these factors arc 
often aided by conditions which mechanically compress the lung and 
force out the air. 

W. Pasteur ^ and others have described a lobar collapse due either to 
a complete paralysis of the inspiratory muscles — ^the intercostals or the 
diaphragm — or to a reflex inhibition of the respiratory movement of the 
diaphragm. This latter condition is sometimes seen after abdominal 
operations, but, in these cases, there is, very commonly, a muco-purulent 
secretion in the bronchi, and this obstruction may, of itself, or aided by 
the loss of muscular movement, bring about the collapse. It seems to 
us somewhat doubtful whether the reflex inhibition of the diaphragm, 
which Pasteur suggests is due to irritation of the afferent nerves of the 
peritoneum during the operation, plays a very important part in this 
condition. Inflammatory lesions in the abdomen or pleurisy would 
impair the movements of the diaphragm, and no doubt this impairment 
would aid the accumulation of muco-purulent secretion and favour 
collapse. 

Our opinion is that these cases of post-operative collapse of the lower 
lobe of the lung are, in the majority of cases, due to a purulent bronchitis 
aided by a relative immobility of the diaphragm, and that this immobility 
is not usually brought about by any nerve-irritation at the operation, 
and may, in fact, occur in abdominal conditions, such as distension from 
enlarged spleen or liver, gaseous distension of the intestines, etc. 

Weakening of the thoracic wall, e.g. in rickets, deformities of the 
chest such as scoliosis, weakening of the thoracic muscles in certain forms 
of paralysis, or even in cases of general debility, act by diminishing the 
inspiratory force; whilst distension of the abdominal cavity with fluid, 
tumours, etc., enlargement of the heart or effusions into the peri-cardial 
sac, tumours in the thorax, or even the recumbent position of a weakened 
patient, will act by impeding the full expansion of the lungs. 

Obstruction to the entrance of air into the lungs may be produced 
by pressure on the bronchi by aneurisms or tumours, causing a diminution, 
or even an obliteration, of the lumen. This diminution or obliteration 

1 W. Pasteur, The Lancet, November 7, 1908, p. 1351. 
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may also arise from tlic presence of a membranous exudate in the larger 
bronchi, as in diphtheria, or the presence of foreign bodies, blOod, or 
bronchial secretion in the smaller divisions of the bronchial tree. Direct 
pressure forcing out the air is a very important factor. Thus, in pleurisy 
v'ith effusion, empyema, hydro-, pyo-, haemo-, or pneumo-thorax, collapse 
of portions, and perhaps the greater part, of the lung is a usual sequel. 

The commonest sites of partial collapse arc the lower and posterior 
parts of the lungs, the free edges at the base, the middle lobe of the right 
lung, and the edge of the left lung where it overlaps the heart. 



Kio. Coflu pfic of Lnng. Note the folding und coniprotosion of the air-spiicos, and Uio 

boadod appearance of the cajullarie.s in tlieir walls. A section of a bronchus, blcujkcil 
by inflammatory cMulaic, is sc(jn at the lower right-hand comer of the figure. 2U0. 

Morbid Anatomy. — The collapsed areas aic usually irregular in shape, 
but well defined in outline. They are of a dark slaty-blue or purple colour, 
arc depressed below the general surface, and their margins correspond 
to interlobar septa. If the condition is uncomplicated, the pleura over the 
collapsed patches is glistening, and shews no evidence of acute inflamma- 
tion. On section, the lung is smooth and firm, dark brownish-red in 
colour, and often almost airless and bloodless. It may sink in water. 
Because of the collapse of the intervening air-tissue, the bronchi and 
blood-vessels arc huddled together, and thus appear more numerous than 
normal. On microscopical examination, the walls of the air-spaces are 
folded and compressed, and may be in contact with one another, their 
icavities being completely, or almost completely, obliterated. Chronic 


DISEASES OF THE RESPIEATORY SYSTEM 683 

venous congestion and catarrhal changes are practically always found 
associated with the collapse, and some of the air-spaces, lined by poly- 
hedral or rounded cells similar to those seen in the foetus, may be seen 
in a partially collapsed state. 

Lobular Collapse is commonly associated with capillary bronchitis, 
especially in children, and is rapidly followed by. acute eongestioii, and, 
later, by lobular pneumonia. Veiy frequently, around these areas of 
lobular collapse there is a zone of lobular emphysema. On naked-eye 
examination, a roughly polyhedral outline, corresponding to the collapsed 
lobules or groups of lobules, is observed. 

EMPHYSEMA 

Two varieties of pulmonary emphysema are described, one in which 
the air is contained within the abnormally dilated air- vesicle, s (Vesicular 
Emphysema), the other in which the interstitial ti.stsue of the lung is its 
site (Interstitial Emphysema). 

VESICULAR EMPHYSEMA is very common and may be seen in tw^o 
forms, the small-lunged ” or atrophous, and the large-lunged " or 
so-called “ hypertrophous.” 

( In Atrophous Emphysema, the lungs arc small in size and may not 
overlap the pericardium. They arc pale in colour, and may weigh 
only eight or nine ounces. On section, the lung-tissue is j)alc and dry, 
and hardly any fluid can be expressed from it. On microscopical examina- 
tion, the vesicles are distciided, but the main feature is a thinning and 
atrophy of the inter- alveolar septa. The condition is specially associated 
with, and caused by, the impairment of the nutrit ion and of the elasticity 
of the lungs which occurs as a result of old age, anaemias and wasting 
diseases, and chronic lead-poisoning. There is not necessarily any 
element of increased intra-pulmonary pressure in its causation, though 
of course, this may be, and often is, also present. 

Distribution of the change. — The commonest situations in which 
emphysema in the lung occurs are those which’ are least supported, for 
example, the anterior margins (especially on the left side, where the 
lung overlaps the pericardium), the anterior and jx)sterior aspects of the 
lower margins, the right middle lobe, and the apices. 

“ Hypertrophous ’’ or Large-Lunged Emphysema."-This is always 
produced by physical conditions which lead to an increased relative 
pressure in the air-cavities and passages, as, for example, iii forced ex- 
piratory efforts with the glottis closed or partially closed, or with the 
bronchi partially obstructed. Among the most potent factors producing 
this are the constant cough associated with chronic bronchitis, or 
repeated attacks of spasmodic asthma. Early rigidity of the chest-wall 
has also an important causal relation. The emphysema which occurs in 
young children is, by some authorities, regarded as hereditary — ^the elastic 
tissue in the lung, according to them, being very much diminished. 
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Nutritive disturbances, which are the main cause of the atrophous 
form, also have some share in the production of the hypertrophous type. 
The distribution of the change is similar to that seen in the atrophous 
form. 

Morbid Anatomy. — The lung is usually very voluminous, the anterior 
margins meeting at, or even crossing, the middle line, and also over- 
lapping the heart to an abnormal degree, in some cases covering com- 
pletely the “ bare area ” of the pericardium. At parts, large, irregular, 
thin-walled, bullous projections may be seen. The tissue is extremely 
light, pale in colour and almost bloodless — he inter-lobular septa being 



often mapped out by the presence of carbon- pigment. On section, the 
lung is dry, soft, and spongy, and the air can be readily moved from one 
air-space to another. On microscopical examination, the air-cavities 
are greatly distended, and their walls stretched and thinned. Partly on 
account of the strei-ching, and partly owing to an interference with their 
vascular supply, the inter- vesicular septa atrophy and give way, and 
intercommunication takes place between the adjacent air-spaces. The 
interlobular septa may shew thickening. The smaller branches of the 
pulmonary arteries may exhibit fibrosis, and the larger branches atheroma. 
The obstruction to the puhuonary circulation, due largely to the oblitera- 
tion of the alveolar capillaries, causes dilatation and hypertrophy of the 
right ventricle and dilatation of the pulmonary artery. There is generally 
associated chronic bronchitis, which, though often the primary cause of 
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the emphysema, becomes exaggerated on account of the congestion 
produced in the bronchial walls by the dilatation of the collateral f 
anastomosing vessels. These, in the attempt to compensate for the . j 
obstruction in the emphysematous parts of the lungs, establish increased I 
communications between the pulnumary and the bronchial system of ;| 
blood-vessels. 

etiology. — As has been already stated, one of the main factors in 
the causation of emphysema is forced expiratory effort with the glottis 
closed. Increased pressure is thus produced in the air-vesicles and 
infundibular passages. This leads to their gradual distension, to pressure 
on their walls, and to narrowing or obliteration of the vessels in these 
walls. Thus, the septa have their blood-sup})ly much impaired, and 
consequently 'undergo atrophy, and rupture. In addition, however, to 
this expiratory cause, obstruction to the entrance of air into one part 
of the lung leads to increased inspiratory expanding force in the neigh- 
bouring parts, with consequent distension of the air-spaces and the 
production of complementary emphysema. This inspiratory form occurs 
especially round collapsed or consolidated areas of lung-tissue. It is 
well illustrated in cases of lobular collapse in broncho-pneumonia, and 
also in spasmodic asthma. 

INTERSTITIAL EMPHYSEMA. — In this somewhat rare condition, 
the air is found, cither in the interstitial tissue of the lung alone, or it 
may, in addition, be widely spread in the cellular tissues of the media- 
stinum, neck, chest-wall, or even over almosi the whole body. This form 
of emphysema may occur from rupture of the lung-tissue during an 
attack of whooping-cough, or as a result of great exertion, e.g. in the 
course of difficult labour. Sometimes, it results from the rupture of an 
emphysematous bulla, or from a wound of the lung, trachea, or bronchi. 
Thus, in laceration of the lung by a fractured rib, a varying degree 
of interstitial emphysema generally results. The condition may spread 
along the root of the lung to the cellular tissue of the mediastinum, root 
of the neck, etc. 

Interstitial emphysema may be simulated post mortem by the presence 
of bubbles of gas found in the tissues of the lungs as a result of 
decomposition . 

INFLAMMATORY CONDITIONS 

(a) ACUTE CONGESTION OR ACTIVE HYPERiEMIA results from 
the action of bacterial and toxic irritants, and may be merely part 
of a general infection. In cases of lobar pneumonia, there is a pre- 
liminary stage of acute congestion, and this congestion may also occur 
in other toxic and septiceemic conditions, as, for example, in the acute 
infective fevers, etc., without necessarily being followed, as in the case 
of pneumonia, by consolidation. It is characterised by dilatation and 
engorgement of the alveolar capillaries, the walls of which, however, are 
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not thickened, as they are in chronic venous congestion. The alveolar 
spaces may' be empty, or may contain, in varjnng proportions, blood, 
transuded lymph, or fibrin derived from these, and perhaps a few inflam- 
matory cells. 

(b) ACUTE LOBAR PNEUMONIA (CROUPOUS OR FIBRINOUS 
PNEUMONIA) is an acute infective disease, which some authors regard 
as a septicaemia^ in which, for some unknown reason, the special local 
lesion is in the lung. Though it is true that the invasion of the lung 
is only one of many possible local manifestations of pneumococcal 
infection, and that the Pneumococcus may produce septicsemia without 
any true pneumonia and that, in cases of pneumonia, the organism is 
found, by cultural methods, to be present in varying numbers in the 
blood-stream, yet, the localisation of the disease is so frequeht in the lung 
that most authors regard the lung as the primary scat of infection. 

etiology. — The main causal factor of this disease is the Diplococcus 
or Streptococcus pneumonice {Pneumococcus of Friinkel). This organism 
is found in enormous numbers in tlie sputum and in the lungs, and is 
also present in the circulating blood. In a certain proportion (less than 
five per cent.) of cases, the B. pneumouiw {Pneumobacillus of Friedlander) 
aj)pears to be the cause. Other micro-organisms. Staphylococci ^ Strepto- 
cocci, B, injluenzo), B, pestis, etc., seem capable of causing a very 
similar condition — either by themselves, or in association with the 
Pneumococcus — though they niore comnionly give rise to irregular patches 
of consolidation, which, however, may coalesce and produce an appearance 
simulating acute lobar pmmmonia. In various epidemics of infectious 
pneumonia presenting both the lobar and the lobular type. Streptococci 
and B. iujluenzw have been the main organisms found, and have been 
regarded as causal. There is also evidence that certain very acute and 
fatal cases, without much consolidation, have been associated with so- 
called lymphatism, and in these. Pneumococci have been found in 
considerable numbers. Recent work seems to show that the type of 
Pneumccoccus varies in different cases, and that the pathological changes, 
the mortality, and the infective nature of the disease, are to some extent 
dependent on the type of organism concerned. 

Certain predisposiiig factors, such as exposure to cold, fatigue, etc., 
have been long recognised by clinicians as aiding in the production of 
pneumonia. These cannot be overlooked, and must be regarded as 
important agents in preparing the soil for the growth and development 
of the causal organism— the Pneumococcus being, in comparatively non- 
virulent form, a common inhabitant of the mouth and throat. 

Site of Origin and Mode of Spread. — ^There seems little doubt that 
acute lobar pneumonia commences generally near the root of the lung, 
and spreads, with a sharply defined margin, especially outwards and 
downw«^d6 in the lower lobe, or directly outwards to the middle lobe 
on the right sid^. There is a tendency for the disease to involve the 
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wbole or the greater part of one lobe, hence the tenn lobar pneumonia 
applied to it, or the condition may spread more widely and involve almost 
the whole lung. It is not common to find two separate areas in the same 
liiiig affected, but both lungs may be involved, the latter condition 
being known as “ double pneumonia.” 

Pathological Anatomy. — Typical cases pass through several distinct 
stages. 

(i) The stage of Acute Congestion. — Reference has ali-oady been 
made to this. The affected area shews the ordinary phenomena of the 
early stages of acute inflammation, i.e. distension of the capillaries and 
venules, and exudation of lymph — ^the lymph in this instance passing 



Fig. 307. — Aouto (Jon<];cstion of Lung, showing dilatation of vessels in 
the alveolar walls and a'Uoina in air-spaces. x200. 


into the air-spaces, rendering the Inng more or less solid, and ju'odiicing 
a condition of imflammatory oedema. The epithelium lining the alveoli 
may shew swelling, or even proliferativiJ changes, and a few leucocytes 
may have migrated from the distended vessels. Tfomorrhage into the 
alveoli may also occur during this stage. 

(ii) The stage of Red Hepatisation. — This is merely a further stage of 
the acute inflammatory process. The distension of the vessels is very 
marked, the exudation of lymph persists, and, in addition, the emigra- 
tion of the leucocytes has become pronounced. These leucocytes, which 
are mainly of the polymorphonuclear variety, pass in great numbers 
into the alveolar spaces, and, by their destruction, bring about the pro- 
duction of fibrin in the exuded lymph. Thus, the air-spaces become 
filled with fibrin and leucocytes, the air is driven out, and the lung becomes 
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consolidated and expanded — ^the consolidated lobe being often much 
increased in size. The epithelial cells lining the air-spaces undergo pro- 
liferation, and are found in the exudate as mononucleated phagocytic cells. 

Naked-eye Appearance. — The affected lung, or part of it, is airless and 
solid, and, on the serous surface of this area, there may be an associated 
acute pleurisy, shewing itself either as a slightly granular-looking, sticky 
exudate or, more typically, as a thick, yellowish-white, soft and friable 
fibrino-purulent layer, which can be easily stripped from the surface. 
On section, the consolidated area has a bright-reddish or reddish-grey 
grar)ite-Ii]ve appearance, is very friable, more or Jess smooth and uniform, 



Fig. 308. — AimiIo Pnounionia, in the siago uf red Jiopatisation. Tho 
air-spatiCH contain iibrin and lencocytos. / 200. 

and stands above the general level of the n on-consolidated tissue. The 
consolidation in lobar pneumonia produces an appearance resembling 
that of a solid organ such as the liver, hence the term “ hepatisation ” 
applied to it. 

On microscopical examination, the appearances vary considerably. 
The air-cells are filled with fibrin, leucocytes, red blood-corpuscles, 
and mononticleated phagocytic cells, in varying proportions, and the 
walls of the alveoli are congested. The causal organisms may be found 
in enormous numbers in the exudate. The fibrous septa of the lung 
may be somewhat swollen and infiltriated with leucocytes there is always 
an associated acute bronchitis ; and the bronchial glands are swollen, 
soft, congested, and sometimes oedematous. The microscopical changes 
in the pleura are described under Diseases of the Pleura, p. 726. {See also 
utider Inflammation, Chapter Yl,) 
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Results. — ^The condition may now, in favourable conditions, pass to 
the stage of resolution^ to be described later, or, under less favourable 
circumstances, to the stage of grey hepatisation. 

(iii) The stage ol Grey Hepatisation. — In this stage, the lung remains 
solid, the congestion begins to pass off, and the cellular exudate tends to 
undergo degenerative changes. Thus, the lung is paler in colour, somewhat 
resembling grey granite, and, on section, appears finely granular owing to 
the exudate becoming loosened and lying more or less free in the air- 
cavities. The tissue is very friable, and a sticky seini-purulent fluid 
containing fine granules of fibrin may, on squeezing the lung, exude from 



Fia. 309. — Acute Pneumonia, in the stage of grey hepatisation. The contents of the 
air-spaces are soon retracted from the alveolar walls. x200. 

the cut surface. On microscopical examination, the contents of tha 
air-spaces are seen to be retracted from the walls, the cells and fibrin are 
still present, the polymorphonuclear cells are in greater numbers, and many 
of them exhibit karyolysis, karyorrhexis,- and other degenerative changes. 
The mononucleated phagocytic cells, especially in the less serious cases, 
are increased in numbers at this stage. The congestion of the vessels 
in the inter- alveolar walls is much less marked, and may have' completely 
passed off. Bronchitis is commonly seen in the smaller bronchi, whilst 
the exudate on the pleural surface may have become partially organised, 
(iv) Further changes which may occur in the consolidated lung : 

I. Under favourable conditions, the disease is arrested, and absorption 
of the inflammatory products takes place. This stage of resolution may 
follow those of acute congestion or red hepatisation, but it probably 
takes place much more rarely, if any marked degree of grey hepatisation 
46 
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has occurred. During resolution, the fibrin and other contents of 
the air-spaces become retracted and may be expectorated; but, more 
commonly, they undergo absorption by the aid of the mononucleated 
and other phagocytic cells. In some cases, especially in children, 
resolution is carried out almost wholly by the process of absorption, little 
or none of the exudate being expectorated as sputum. The cells lining 
the alveoli and the bronchioles proliferate and repair the damaged portions. 
Eventually, the lung may be completely restored to its normal condition. 

II. In less favourable circumstances, the resolution may be incomplete, 
or complications of various kinds may arise. Thus — 

(1) Areas of softening and of suppuration may appear, giving rise to 
localised abscess-formation ; or a more diffuse suppurative condition 
throughout the pneumonic area may supervene. This is not common, 
but may occur especially in cases of diabetes mellitus and in chronic 
alcoholism. 

(2) Gangrene of the lung may result from the additional action of 
organisms causing putrefactive changes, and this condition is specially 
seen in cases of pneumonia occurring in patients who are suffering from 
diabetes mellitus or chronic alcoholism. 

(3) Chronic interstitial pneumonia may be a sequel of imperfect 
resolution, and, associated witli the resulting overgroyi^h of fibrous tissue, 
atrophy of the aerating tissue of the lung occurs. The contraction of 
the newly formed tissue mav exercise traction upon the bronchi and give 
rise to dilatation of these- bronchiectasis. In certain rare cases, 
organisation of the intra-alveolar exudate may occur, capillaries a.nd 
fibroblasts passing in from the walls. 

(4) Rarely is there any considerable serous exudation into the pleural 
cavity, but the fibrinous exudate may soften and become purulent, 
giving rise to empyema. Such an empyema may be general, or 
localised by adhesions, e. between the lobes, or on the diaphragmatic, 
or on the outer, surface. As resolution proceeds, the pleural exudate 
undergoes organisation, and thus adhesions are formed between the 
visceral and the parietal pleura, and between the adjacent lobes. These 
adhesions may be very extensive, and the whole pleural cavity become 
obliterated. 

(6) Pneumonia being an acute infective septicaemic disease, the 
pneumococci become lodged in situations other than the lung, 
and thus complications, such as pericarditis, endocarditis, meningitis, 
peritonitis, arthritis, etc., may arise. 

(6) Pericarditis may arise also by direct spread from the lung, and a 
certain degree of mediastlnitls is common. 

The toxins act on the various organs, which may shew the changes — 
for example, cloudy swelling, fatty degeneration, etc. — generally seen in 
acute febrile diseases. A marked inflammatory, polymorphonuclear, or 
leueoeytosis is produced in the blood, as a result of 
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a leucoblastic reaction in the bone-marrow. In some cases, especially 
in chronic alcohoKc patients, this reaction may not occur, the condition — 
a veiy grave and usually fatal one — being laiowii as pneumonia with 
leucopenia. 

The epiltum in acute pneumonia is mucoid and abundant, and, very 
early in the disease, is blood-stained. It then becomes rusty-looking 
and very tenacious, and, in this stage, is characteristic. The colour is due 
to altered hsemoglobin. If there is much catarrh of the larger bronchi, 
mucopurulent masses are more or less abundant. Frequently, streaks 
of blood are seen, and sometimes the sputum consists of almost pure blood. 
Microscopically, various cells are found — polymorphonuclear leucocytes, 
epi- and endo-thelial cells, lymphocytes, etc. At the crisis, the sputum 
loses its rusty cejour and becomes muco-purulent, and, later, consists 
mainly of whitish mucus. 

A greenish sputum^ in the absence of jaundice, is often an indication 
of suppurative changes or of tuberculous infection. Where liecrosis or 
gangrene follows on pneumonia, the sputum becomes more fluid and 
assumes a prune juice or chocolate colour, and the odour is gcjierally foetid. 

Branching fibrinous casts arc oft(^n found. 

(c) ACUTE BRONCHO-PNEUMONIA (CATARRHAL or LOBULAR 
PNEUMONIA) • — Tliis condition practically always commences as an 
inflammation in the smaller intra-lobular branches ot the bronchi. The 
walls of these become congested, and this congestion spreads to the walls 
of the neighbouring air-cavities, into which himuorrhage and some fibrinous 
exudation may occur. The affected bronchus or bronchiole becomes 
blocked with exudate and secretion, and, as a sequel, the portioji of lung- 
tissue supplied by that bronchus or bronchiole undergoes collapse. The in- 
flammatory process spreads, not only to the adjoining air-vesicles through 
the thin walls of the bronchus, but also along its interior to the collapsed 
area, which becomes the site of congestion, leucocyte-accumulation, 
fibrin-exudation, etc. In this manner, irregular consolidated areas of 
broncho-pneumonia are formed. Some of the neighbouring air-cavities 
undergo acute distension, as they receive more than tbeir due share of 
the inspiratory distending force; and this distension, together probably 
with some direct weakening of the walls by inflammatory changes, leads 
to the characteristic areas of acutely produced emphysema which are seen 
around a broncho-pneumonic focus with collapse. 

Causes of broncho-pneumonia.— In a large proportion of cases, the 
capillary bronchitis is produced by, or arises as a complication of, one of > 
the acute infective fevers, such as measles, whooping-cough, diphtheria, ^ 
influenza, smallpox, or typhoid and typhus fevers ; and it is especially 
common in children. It may likewise result from the inhalation of irritant 
vapours or gases, and is a frequent complication in poisoning by chlorine, 
phosgene, or “ mustard-gas.’’ {See pp. 676-6.) The lodgment of irritant 
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particles of -food, secretions, etc., also gives rise to broncho-pneumonia; 
but it will be more convenient to describe this form separately under the 
tenn Septic ” Broncho-Pneumonia (see p. 695). Sometimes, acute 
inflammatory changes in the lymphatics round a bronchus, as is seen in 
glanders and in influenza, may spread and involve the adjacent lung- 
tissue, and thus produce areas of broncho-pneumonia. 

The sputum is usually muco-purulent, with portions of anisty appear- 
ance, and sometimes streaked with blood. The cellular content is very 
similar to that found in the sputum of lobar pneumonia. 

On bacteriological examination^ Pneumococci and Streptococci^ are 
found in the great majority of these cases. Other organisms may 
occur either alone or in addition to these — for example. Staphylococci ^ 
B, influenzcB, B. typhosus, B. pestis, etc. 

Naked-eye Characters. — ^Tlicse vary in different cases. The solid, 
airless nodules may be widely spread throughout the lung- tissue, or they 
may be more localised to certain parts of the organ. They may 
become confluent and thus involve large areas of lung-tissue. Being 
lobular — i. c. corresponding to lobules or groups of lobules — in their 
distribution, they are more or less polygonal in shape ; and are of a slaty- 
blue or reddish colour. On section, there is usually a darker-reddish 
central part , corresponding to the area of congestion round the bronchiole ; 
or the centre may become pale and greyish on account of the accumulation 
in it of emigrated and degenerating cells. On compressing the lung, 
little points of yellowish-white muco-pus exude from the smaller 
bronchi, some of which shew acute dilatation of their lumen. The areas 
of consolidation may be slightly raised above the general surface of the 
lung, and are commonly surrounded by a zone of acute emphysema. 
When the broncho-pneumonic areas are numerous, they tend to coalesce, 
the intervening lung-tissue becomes oedematous and congested, and the 
appearance produced comes to resemble that of acute lobar pneumonia. 
Such “ pseudo-lobar ” spread is specially common in influenzal cases. 
Usually^ however, the section has a somewhat marbled appearance, from 
the patches being scattered and at different stages of the inflammatory 
process. 

Microscopical Appearances. — ^In the areas of consolijiation, the corre- 
sponding intra-lobular bronchus shews very definite catarrhal changes, 
and frequently marked dilatation. The vessels in its walls are congested, 
and the lumen is filled with exudate containing desquamated epithelium, 
leucoc^^tes, mucoid secretion, granular debris, etc. The neighbouring 
air-vesicles are consolidated, the cavities being crowded with cells of 
various kinds, those next the bronchi usually containing, in addition, 
fibrin. The cells in the alveoli may be grouped as follows : — 

(1) Rod Wood-corpuscles, — ^These may be very numerous in the more 
intense hsemorrhagic forms of the disease. 

(2) ]4rge mouoiittcleatod oells.--Some of these are probably derived 



Fia. 310. — Lung. Showing large areas (pale) of broncho -pneumonia, from a case 
of bubonic and piieunionic jdaguo. 



Fig. 311, — Lung, Shewing the “ infarot-like ” areas of bronoho-pneumoma, from a 
of bubonio and pneumonio plague. (Semi-diagrammatic drawing ^ ftei^ 

specimen.) “ ~ 
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a. blood, but other. «e the ^liferated end d..,u«n«ted celb ei 

the lining endothelium of the alveoli. • 

(31 Polymorphonuclear leucocytes.— These vary m n > 

variation beimr dependent on the nature and intensity of the imt , 
mS^on tL dur^tio/of its application. Thus, infection with Pneu^, 
Streptococci, or SlaphylococGi will call forth large numbers of the poly- 
morphonuclear variety of cells; whilst, in the case of B typhoms J 
mononucleated cells will be more abundant. At tb.e early stages of th 
inflammatory process, in uncomplicated cases, the po ymorp onu 
variety is more abundant than in the later stages. In very sctious, an 
especially in fatal, cases, the increase in the polymorphonuclear leucocytes 



SI 2 .— shimiu}' an atoa of bronoho-puouinonia. Tlio lumon of the I'l-enchwle 
iH filiod wiiii iiillammatory oxudato, and thore is consolidation of tho surrounding 
air-spaces. 76. 


is maintained throughout, and actual suppuration may result. The 
causal organisms can usually be demonstrated with suitable stains. 

(4) Columnar and ciliated cells inhaled from the bronchioles maj 

sometimes be present. , . . . xv 

(5) ' Occasionally, foreign vegetable or other cells, derived from the 
inhalation of particles of food, are found in the small^bronchi. These 
may, in some cases, be the exciting cause of the broncho-pneumonia, but, 
more commonly, they are the result of inspiratory efforts in the last 

stages of life. 

i Associated with the consolidation are areas of collapse and of empnys- 
«ma, exhibiting the usual microscopical appearances of these conditions. 
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The intervening lung-tissue may shew intense congestion and oedema, 
the inter-lobular septa be swollen and oedematous, and evidence of 
acute pleurisy be seen over the nodules immediately subjacent to the 
surface of the lung. 

SubseQuent Changes. — The inflammatory products may be absorbed or 
expectorated, and the Jung may return to its normal condition. In some 
cases, however, the collapsed portions remain iminflaied, and shrinking 
a,nd deformity of the lung-tissue result. Or again, the catarrhal 
condition sometimes becomes chronic, and an interstitial pneumonia 
may develop — ^the new tissue encroaching upon, and obliterating, the 
alveoli. Thickening of the tissues rouiid the minute bronchi and dilata- 
tion of the latter arc not uncommon, especially in children; and, in the 
affected area of lung, numerous broncJiicctatic cavities, resulting from the 
dilatation, and usually comparatively small in size, are frequently seen. 
Thickening of tlic inter-lobular septa also occurs. The areas may be- 
come infected with B. Ufhcreuloms, and, in such cas(is, cert ain characteristic 
changes are observed, which will be discussed under tuberculous broncho- 
pneumonia. Suppuration and gangrene may result, and tliese depend, to a 
ceitain ext-ent, on the character and virulence of the causal organism. 
Thus, in cases caused by the Siaph/lococci, suppuration is commoner 
than in those which arise from infection witli the Pneumococem. More 
frequently, however, the suppuratioTi is due to a mixed infection. A 
more or less widely-diffused purulent infiltration may occur in strepto- 
coccal cases. 

(d) “SEPTIC’’ BRONCHO-PNEUMONIA. I 'Iiis term, though not 
ii very satisfactory one, is applied to a form of broiudio-pneumonia which, 
ill its histological features, resembles tlie form of lobular pneumonia abfive 
described, but which shews a marked tendency to the occurrence of 
suppuration. It is generally due to the inhalation into the finer bronchi 
of foreign, and, especially, of decomposing, material. It occurs as vagus- 
pneumonia, where — owing to interference with the vagus or the recurrent 
laryngeal nerve, and consequent paralysis of the muscles which close 
the glottis — food gains entrance into the bronchi : as aspiration-pneu- 
monia, where secretions from the mouth or the larger air-passages are 
drawn into the finer bronchi : or as retention-pneumonia, where, from 
pressure upon, or obstruction of, a bronchus by an aneurishfi or a tumour, 
by syphilitic stenosis, or by inhalation of a foreign body, e, g, a tooth which 
has been inhaled during extraction under an ansesthetic, the secretion 
is retained in the bronchial passages. The food or other foreign body, or 
the retained secretion, sets up irritative changes in the bronchi, which 
render them more liable to invasion by bacteria. Catarrh and ulcera- 
tion, and subsequently — ^from a spread of the inflammatory processes to 
the neighbouring lung-tissue-'-consolidated areas of broncho-pneumonia, 
are produced. Minute points of pus, which look like multiple abscesses, 
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are seen in these areas ; and, on careful examination, these are found to 
be dilated and ulcerated bronchi, filled with purulent secretion. More 
extensive abscess-formation frequently occurs, and the abscesses, 4f on 
the surface, may lead to the production of pleurisy, or may burst into 
the pleura and give rise to empyema. In these cases of aspiration- 
pneumonia, a very considerable overgrowth of fibrous tissue, producing 
a condition of chronic interstitial pneumonia, sometimes supervenes. 

(e) ABSCESS OF THE LUNG. — ^As already stated, the consolidated 
areas of septic broncho-pneumonia may become softened and purtflent, 
but abscess-formation is in most cases a manifestation of pymmic 
infection, though it may occur round a foreign body. It sometimes 
occurs in puerperal septicsemia, suppurative periostitis, osteomyelitis, 
middle-ear disease with thrombosis of the lateral sinus, etc. The micro- 
organisms are carried to the lung directly in the blood, or by means of 
emboli from a preliminary malignant endocarditis of the pulmonary or 
tricuspid valves. Embolism and thrombosis of small branches of the 
pulmonary artery follow, and irregular areas, which, at first, correspond 
with hicmorrhagic infarcts, are produced. These soon become greyish 
or yellowish in colour, soften, and break down into irregular suppura- 
tive cavities. The tissue round the abscess is intensely congested and 
cedematous, and is often also hsornorrhagic. Microscopically, the 
condition is seen to be a ha3m()rrhagic catarrhal pneumonia in which sup- 
puration supervenes. The abscesses are usually multiple, vary con- 
siderably in size, from very minute points of suppuration to large abscesses, 
and tlie ])leura over them may shew acute inflammatory changes. Rup- 
ture into the ])leural sacs, giving rise to empyema, or more commonly 
to a pyo -pneumothorax, may take place, or the abscess-cavity may burst 
into the bronchi. Greenish-yellow pus, often in considerable amount, 
and containing fragments of luiig-tissue, is a constituent of the sputum 
in such cases. 

GANGRENE OF THE LUNG 

This condition always results from the action of putrefactive organisms 
upon damaged or dead lung-tissue. It may be due to the direct extension 
into the lung of necrotic and ulcerating areas in the oesophagus, in the 
stomach, or in the bones of the chest-wall; to putrefactive material 
inhaled from ulcerative and necrotic processes in the upper air-passages ; 
or to putrefactive changes in the secretion which accumulates in the 
bronchi, as a result of obstruction by the pressure of tumours or aneurisms. 
In other instances, it seems certain that the infective material reaches 
the affected area by the blood; but probably, in these instances, the 
organisms introduced are* causal of this condition simply because they 
have tissues, already damaged and devitalised, on which to act. The 
gangrene ^hich sometimes follows pneumonia seems to be due to the 
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Pneumococcus — alone, or in conjunction with other organi&ms of secondary 
infection — ^acting on specially damaged tissues. 

There are also certain predisposing factors. Thus, in diabetes mellitus 
and in chronic alcoholism, pneumonia not uncommonly terminates in 
gangrene. 

Morbid Anatomy. — The gangrenous area is soft and putty-like, and 
usually has a very foul odour. It may be dark reddish or greenish, or 
almost black in colour. The surrounding tissue is intensely congested, 
it may be consolidated, and is often extremely oedematous. The con- 
dition may be localised, or it may be widely spread. Communications 
with the bronchi are common, and the expectoration is ]uofuse, muco- 
purulent, of a yellowish or brownish colour, generally intensely foetid, 
and may contain shreds of necrotic lung-tissue, alveolar epithelium, 
often with included pigment, fatty-acid crystals, and fat-droplets. 
Masses of various kinds of bacteria, including leptotlirix filaments, are* 
found. In some cases, where death does not occur, the whole of the 
gangrenous conterits are discharged through the bronchi, and the 
cavity may become gradually tilled by granulation-tissue. Thus, repair 
is effected, and, at a later period, an irregular scar is the only sign 
of the original gangrenous area. 

HYPOSTATIC PNEUMONIA :~ 

Reference has already beeji made to the condition of hypostatic 
congestion and oedema of the dej)endent i)arts of the lungs {see 
p. 679). These conditions may pass to the stage of consolidation. A 
subacute form of inflammation of the terminal bronchioles and air- 
vesicles is set up, and, in this way, the cavities become filled with 
catarrhal cells and with fibrin and leucocytes. 

INTERSTITIAL PNEUMONIA : ~ 

Interstitial Pneumonia is generally a subacute or chronic condition 
which results from continued irritation, and may involve larger or smaller 
areas of lung-tissue. It is, however, sometimes acute, as iji some cases 
of influenza, and it then resembles the “ picuro-pneumonia ’’ of cattle. 

The condition, in its subacute and chronic manifestations, is char- 
acterised by an overgrowth of the connective-tissue framework of the 
lung, and this may give rise to secondary changes in thc'^bronchi, lung- 
tissue, vessels, etc. 

Classification. — Of these subacute and chronic forms, several varieties, 
the special characters of which are largely dependent upon the different 
causal factors at work, have been described; The most important are — 

(1) Those resulting from the inhalation of dust or other foreign i^articles 
(the Pneumonokonioses). The most familiar examples are the conditions 
produced by the irritation of coal- or stone-particles, in coal-miners, 
stone-cutters, and grinders. 
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(2) Those which follow acute or subacute conditions of the lung or 
pleura, as, for example, imperfectly resolved acute lobar or lobular 
pneumoj)ia, collapse, irritation of a foreign body, vagus- and retention- 
pneumonia, pleurisy, etc. 

(3) Those which are the result of the action of bacterial and other 
organismal poisons. Of these, the most important are the interstitial 
pneumonias of tuberculosis, syphilis, leprosy, glanders, and influenza. 

Microscopical Anatomy. — The different varieties of interstitial pneu- 
monia present certain common features. The connective-tissue overgrowth 
always commences in positions in which the original connective tissue ’ 



FiO. 313, — Lwng. Iniorsiitial Pneumonia, she\ving groat increase in donso fibrous tissue, 
and also the “pseudo-glandular" character assumed by the alveoli. X50. 

is most abundant, and gradually invades the lung, encroaching upon, 
altermg, and obliterating the aerating tissue. During the progress of 
this invasion, the endothelium lining the alveoli becomes altered in 
character. The cells are more cubical or spheroidal, and simulate those 
of gland-tissue or of the embryonic lung. The walls of the alveoli come in 
contact, and, gradually, obliteration takes place. This alteration of the 
endothelium may be seen in any of the forms of interstitial pneumonia, ^ 
and is really a stage in the obliteration of the alveoli, but it is, perhaps, 
best seen m*the variety due to syphilis. This cubical or columnar type 
of endothelium m 9 .y be very abundant, and the appearance produced 
may easily be confused with that seen in adenoid cancer of the lung. 

' starting-points for the overgrowth of connective tissue are most 
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commonly the deeper layer of the pleura, the inter-lobular septa, and the 
connective tissue round the bronchi and the vessels. In the varieties 
which occur in influenza and in glanders, it is the peribronchial and the 
perivascular tissues which show special proliferative changes; whereas, 
in the forms due to dust-diseases, the main change seems to be in the; 
deep la}J^er of the pleura and in the inter-lobular septa. 

The prohferated connective tissue varies in its character in the different 
forms. It may be very dense and shew little evidence of cellular growth, 
or the cellular character may be extremely marked. The degree of 
vascularity also varies very considerably. The bronchi may become 
dilated during the more acute stage, and this dilatation may persist, 
or even be increased later. The secretion may be retained, undergo 
decomposition, and cause still further dilatation and the production 
of a condition of bronchiectasis. The invading fibrous tissue may cause 
the obliteration of large tracts of the smaller bronchi. The fibrous 
nodules thus formed shew a dense, homogcucous, central fibrous zone 
surrounded by pigment, this pigment mapping out the position of the 
peribronchial lymphatics. 

1. THE PNEUMONOKONIOSES.— The results of the inhalation of 
dust depend largely on the character of the ])aitich's inlurletl. Thus, 
that part of the fine dust of the air which is not expectorated, is taken 
up from the channels and cavities of the lung into tlui lymphatics, 
and is deposited in different situations, but docs not necessarily give rise 
to any serious damage. If the dust, however, is of a specially irritating 
character, it acts as a foreign body in the positions in which it is 
deposited (the deeper layer of the pleura, Mie inter-lobular and inter- 
alveolar septa, and the peribronchial and perivascular lymphatics), and 
causes chronic irritative changes, with the production of nodules of fibrous 
tissue. 

According to the character of the dust inhaled, various names have 
been given to the lesions produced. 

(a) ANTHRACOSIS (“ COAL-MINERS’ LUNG”) is due to the inhala- 
tion of particles of coal, shale, soot, or other forms of carbon. The dust 
here is not physically very irritating, and, in consequence, the nodules 
of fibrous tissue are, as a rule, small, though usually widely distributed. 

The lung becomes intensely black, and the pleural surface usually 
shews some small, irregular, white, fibrous areas, surrounded by a darker 
zone of pigment. Under these fibrous areas, gritty particles may be felt. 

^ The cut surface is also finely gritty. 

On microscopical examination, large masses of black pigment, in the 
form of fine granules, are seen in the connective tissue, which is often 
almost obscured by them. The bronchi and air-cells generally shew 
catarrh, and the lung-tissue may be congested and emphysematous. 
Many of the catarrhal cells contain granules of the pigment. 
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(b) 
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SILICOSIS (CHALICOSIS or “STONE-MASONS’ LUNG”) is 


due to the inhalation of stone-particles. 


or particles of glass or quartz. 
Only certain kinds of stone 
produce the irritation, especi- 
ally those containing high 
percentages of silica, such as 
granite, flint, etc. The fibrous 
nodules formed, in tliis con- 
dition, are usually fewer in 
number than in anthracosis, ' 
and, on account of the ex- 
tremely irritating nature of 
the particles, they are larger 
and denser in consistence. 
Destructive changes are also 
more marked. The central 
part of the nodules often 
shews necrosis, owing to the 
obliteration of the vessels at 
the periphery by the dense 
fibrous tissue. 

On naked-eye examination, 
the lung has a greyish. colour. 
On the pleura, the whitish 
fibrous nodules, to which refer- 
ence has already been made 
under anthracosis, are much 
more marked, larger, and more 
numerous. On section, the 
gritty stone-particles can be 
felt under the finger; and are 
seen to be surrounded by pig- 
mented fibrous tissue. 

On microscopical examina- 
tion, dense nodules of fibrous 
tissue are seen, often homo- 
geneous and necrotic in the 
centre, and containing minute 
angular or irregular masses of 
a greyish-black colour — the^ 
stone-particleS. Catarrh, con- 
gestion, and emphysema of 
the intervening lung-tissue are commonly present. The vessels at the 



Fig, 314,' — Zun^, Anthracowis, a chametor- 
istic oxaniple of “ coal-miDcrs' tung.” 
(Edinburgh University Anatomical Museum. 
Catalogue No., R. C. a. 4.) 


pSiripheiy of the nodules may shew^j^]| 
<cbfanective tissue in this situation is 



endarteritis, and the 
and more vascular 
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than in other parts of the lung. Tuberculosis is very frequently 
associated with silicosis, and the destructive changes in such cases may 
be very marked. 

(c) SIDEROSIS C GRINDERS’ ” or “ TURNERS’ LUNG,” etc.) is 

due to the irritation of metal-dusts and the dust from the grindstone — 
the latter being the most important factor in so-called “ Grinders’ 
phthisis.” Most authors lay stress on the damage done by iron- and steel- 
particles in the lungs of needle-grinders, file-makers, knife-grinders, etc. 
This view, which has been handed down in various textbooks, has very 
little evidence to support it. The experience of one of us among the ‘ 
grinders in Sheffield is that it is a silicosis, and no^ a sidcrosis, from which 
these workers suficr — ^it is the stone-dust, and not the iron or steel, that is 
the causal agent. The changes produced are identical with those seen 
in silicosis. Tuberculosis is a very common complication in the grinders’ 
lung, at any rate in Sheffield, and, in the majority of cases, it is the cause 
of death. A definite interstitial pneumonia, however, undoubtedly does 
oc(‘ur in grinders’ lungs apart from tuberculosis, and there is no evidence 
that the silicosis is in itself a cause of plithisis (chronic pulmonary 
tuberculosis). 

(d) WORKERS WITH FLAX, FEATHERS, CLAY, PORCELAIN, 
PLASTERS, PIGMENTS, etc., are said to develop a varying degree 
of interstitial pneumonia, but, in many of these workers, the changes 
are slight and unimportant, whereas in others, such as potters, the 
changes are really due to such irritating dust as flint or silica in some 
combination. 

2. THE FORMS OF INTERSTITIAL PNEUMONIA WHICH FOLLOW 
ACUTE OR SUBACUTE CONDITIONS OF THE LUNG.--In these con- 
ditions, the fibrous overgrowth may occur in localised patches, or may 
be widely spread tliroughout the lung — the new fibrous tissue spreading 
inwards from the pleura, from the septa, or from the peribronchial and 
perivascular connective tissues. 

3. THE FORMS OF INTERSTITIAL PNEUMONIA WHICH RESULT 
FROM THE ACTION OF BACTERIAL AND OTHER POISONS OR 
TOXINS,— Occasionally, an acute interstitial pneumonia resembling the 
pleuro-pneumonia of cattle is seen. In this, the principal change is in 
the inter-lobular septa, which become thickened, and from which extension 
takes place into the lung-tissue. Usually, there is also an associated 
peribronchitis. 

This condition is seen specially in some of the cases of pneumonia 
wliich are^ associated with influenza. The more usual conditions 
resulting jfrom the action of organismal poisons are those seen in syphilis 
tuberculosis; and these will be discussed under syphilitic and 
ipiberculous disease of the lung. 
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SYPHILIS OF THE LUNGS:— 

Syphilitic disease of the lungs may occur in either the congenital or 
the acquired form of the disease. 

In the congenital form, gummata may be found, but the most char- 
acteristic change is an interstitial pneumonia. The lung is usually pale 
in colour and tough, and is intersected by delicate fibrous bands. This 
change, white hepatisation, or white pneumonia as it is sometimes called, 



Fig. 317. — Lung. Syphilitic interstitial pneumonia. Stained for elastic tissue, X 28. 
Note obliterative endarteritis in vessel. 

may be widely spread, or it may be confined to a small portion of the 
lung. 

Microscopically, the connective-tissue overgrowth is, at first, very 
cellular and vascular, but, later, it may become more densely fibrous. 
The alveoli imdergo compression, their walls are invaded by fibrous 
tissue, and the lining-cells become cubical or spheroidal. As the over- 
growth continues, the vesicles become mor'e and more collapsed, and 
various secondary changes, such as atrophy and obliteration, result. 

In acqiuiel syphilis, gummata are found, and are often surrounded 
by yrdl-formed fibrous tissue. This tissue may contract, and the gommata 
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be absorbed ; and thus irregular elcdtrices may be produced. These are 
most frequently seen in the posterior and outer parts of the lower lobes. 
Interstitial overgrowth, similar to that seen in congenital cases, may 
occur. The Abrous tissue is, however, much less cellular. The Bbrous 
bands which intersect the lung-tissue are situated usuaJIy^at the posterior 
or outer aspect of the lower lobes, where they pass from the pleura in- 
wards, and may be traced to, and be continuous with, the sheaths of some 
of the larger bronchi. By their contraction, very irregular and deep 
j^uckered cicatrices may be produced on the surface. In these fibrous 
bands, gumip^ta or their remains may sometimes be found . In some 
cases with syphilitic ulceration or stenosis of the larynx, the retained 
secretion may give rise to retention-pneumonia and to bronchiectasis, 
and diffuse syphilitic interstitial pneumonia may eventually result. Not 
uncommonly, secondary infection with B. lubercvlosis and other organisms 
occurs. 

In GLANDERS and in ACTINOMYCOSIS, a fibrous overgrowth may 
take place in the liing, though tlie more usual lesions are softening and 
abscess-formation. In actinomycosis, the fibrous tissue, which is really 
the scar-tissue of ihe healed abscess, may occur at any part of the lung ; 
but, in glanders, i,ho new tissue generally arises by a proUferation of the 
peribronchial and the ])erivascular connective tissues. Other strepto- 
tricheas, e. g. S. asleroides (Eppwgcr), sometimes produce minute abscesses 
scattered throughout oj^e or both lungs, and simulate acute miliary 
tuberculosis. 
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TUBERCULOUS DISEASE OF THE LUNGS AND PLEURA 

Tuberculosis iii the lungs may be part of a general process^ or it may 
be 'localised in the lungs. All forms are primarily caused by the presence 
of B, tuberculosis ; aud the differences in the lesioiis depemd on various 
factors, such as the channel of infection, the method of spread in the lung 
and the special structures involved, the virulence of the organism and the 
power of resistance of the patient, the presence or absence of previous 
disease and damage in the lung, and the supervention of intercurrent 
processes, especially secondary infection with other organisms, 

CLASSIFICATION 

(A) TUBERCULOSIS, WITHOUT CAVITY-FORMATION. 

1. ACUTE : 

1. Infection by Blood-Stream . . . .] 

I Diffuse or 
scattered, j niiliary. 

2. Infection by Lymphatics 

Localised Peri- 
[bronchial. 

3. Infection by way of the Air-Passages. This usually gives 

rise to acute caseating tuberculous broncho-pneumonia. 

II, CHRONIC.- This form is chiefly due to spread by the peri- 
bronchial lymphatics. 

(B) TUBERCULOSIS WITH CAVITY-FORMATION (PHTHISIS). 

I. ACUTE : which is mainly broncho-pneumonic in type. 

II. CHRONIC : which is mainly seen ni the peribronchial lymphatics. 

GENERAL FACTS IN RELATION TO TUBERCULOSIS OF THE 
LUNGS : - 

1. There is great variety in the rapidity, i.e. the acuteness or the 
chronicity, of the process, and, therefore, in the resulting lesions. Thus, 
the more acute the condition is, the greater is the tendency to caseation 
and destruction, the more chronic, the greater the amoimt of fibrous- 
tissue overgrowth. The appearances in the lung during the course of 
the disease depend largely on the relative proportion of these two changes 
to one another. 

2. Tuberculous lesions in the lung may be part of a general tuberculous 
infection throughout the body, as, for example, in the acute mihary 
tuberculosis produced by inoculating animals : or that found in children, 
or in older patients with weak resisting power. On the other hand, the 
condition may start in the lungs, and from them the infection may be 

47 
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. carried to other parts of the body ; or the lung may become infected from 
some other neighbouring focus of the disease. 

3. In the lung, the lesion is localised or diffuse, and, clinicdly, seems 
specially to attack the apex of the right lung, though this is probably 
due, as may be seen on post-mortem examination, to an extension of the 
tuberculous process from the root of the lung. One lung is seldom 
affected alone, though it may appear to be so clinically. Both organs 
are almost always attacked, even early in the course of the disease, which 
is frequently more pronounced on one side, more especially the right. 

4. Lesions resulting from other diseases may modify the changes— 
e.ff. Silicosis, etc. (q.v., p. 700). 

5. When B. tuberculosis has once settled down, it tends — unless a 
cure is effected— -to spread and cause more widely diffused changes. 

JVIETHOD OF INFECTION 

Whitla,^ in his Cavendish Lecture, revived the view of Calmette 
and others that the immense majority of cases of pulmonary tuber- 
culosis is not contracted by inhalation, but by the ingestion of bacilli 
or bacilliferous products which penetrate the intestinal mucosa.’^ He 
and Symmers, from their experiments, conclude that : “ carbon part- 
icles, china ink and B, tuberculosis pass through the intestinal epithelial 
surface, reaching the lacteal or lymphatic paths, then pass through the 
lymphatic glands of the mesentery, and finally, either enclosed in phago- 
cytes or free, find their way into the thoracic duct, to be poured into the • 
venous circulation before being arrested in the capillaries of the lung.” 
Though we are not prepared to accept these views for the majority of 
cases, and much evidence has been brought forward against them, there 
seems little doubt that one of the principal channels of entrance for the 
bacilli is the lymphatic one. 

There is also a general agreement that one of the commonest channels 
of entrance in young children, is by way of the tonsils (including also the 
lymphoid tissue of the pharynx, etc.), and, in some cases, by way of the 
nose or teeth. From these situations, the bacilh pass to the cervical 
glands, then to the mediastinal and bronchial glands, and finally into the 
lung-tissue, especially by way of the peribronchial lymphatics of the larger 
bronchi. 

From the root of the lung, the paths of infection may be- 
ta) Outwards and upwards, involving the inner part and apex of the 
upper lobe. 

(b) Pirectly outwards towards the axilla, I e. to the middle part of 
the Upper lobe, passing, in some cases, to the surface and infecting the 
pleura, causing tuberculous pleurisy, and sometimes leading to wide- 
spread re-infection of the lung by way of the sub-pleural and inter-lobular 
lymphatics. 

1 BtiU Jour,, July 11, 1908, p. 61, 
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(c) Outwards and downwards into the lower lobe. This direction 
of spread, however, is brought about by an air-passage involvement 
from the inspiration of infected sputum along the bronchi. 

The bacilli may also enter the lungs by way of the pleura^ which has 
become invaded through the lymphatics in the diaphragm in cases of 
abdominal tuberculosis. The right lung is more especially attacked in 
this way, the bacilli passing through the lymphatics of the right side 
of the diaphragm. 

If the larger bronchi become involved, the bacilli may pass along the 
peribronchial lymphatics directly to the lung, or may spread to the 
mediastinal, and then to the bronchial, glands, from which a peribronchial 
lymphatic re-infection of the lung may occur. 

Invasion frequently takes place by way of the intestine and the 
mesenteric glands. In most cases, the intestine is ulcerated, but sometimes 
the bacilli pass through the intestine to the mesenteric, glands without 
the intestine itself becoming involved. This condition is found usually in 
children, and, like the cervical form of the disease, is, in most cases, caused 
by the bovine type of bacillus. From the mesenteric glands,' the bacilli 
may spread by way of the retroperitoneal and mediastinal glands around 
the aorta to the bronchial glands and to the lungs. 

Infection by the Air-Passages. — This method of (nisei is also of frequent 
occurrence, and, in adults, it is probably the usual channel of infection. 
B, tuberculosis may be inhaled in dried-up sputum, infected dust, etc., 
and may be arrested in the moist walls of the nose, pharynx, trachea, of 
larger bronchi, and, from the last-mentioned structures, it maybe carried 
to other parts of the lung by the lymphatics. It is possible — but probably 
not at all common — ^that the bacilli are originally carried further into the 
lung by the air-stream. The usual mode of spread into the smaller 
bronchi and air-cells — ^when it does occur — is by the inhalation into 
them of broken-down material from a tuberculous focus in the bronchi 
or in some other part of the lung, or by the inspiration, after hsomoptysis, 
of blood containing bacilli, i. e, it is a secondary and not a primary mode 
of infection. 

SPREAD OF THE PROCESS IN THE LUNG ITSELF 

The special structures which are aflfected in the lungs, and the char- 
acter of the lesion, will depend largely on the special channel of invasion, 
as will also, to a large extent, the nature and method of spread of the process 
after it has once started. 

The chief methods of spread are — 

1. By the blood-stream, 

2. By the lymphatics in the connective tissue. 

(a) The more general, diffusely or irregularly distributed lymph- 
atic channels in the deeper layer of the pleura, the septa. 
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the peribronchial and perivascular tissues, and in the walls 
of the alveoli. 

(6) The peribronchial lymphatics. 

3. By the air-passages. 

4. Local spread by infiltration. 

Very frequently several of these methods of spread may be seen in 
the same case. 

A. -TUBERCULOSIS WITHOUT CAVITY-FORMATION : 

I. ACUTE TUBERCULOSIS 

1. Blood Spread : — 

An embolic or arterial spread, though of comparatively infrequent 
occurrence, produces one foim of acute miliary tuberculosis. The bacilli 
may be canied to, and settle down in, the terminal branches of the 
pulmonary artery. This, however, is only part of a general tuberculous 
infection throughout the body. The original focus is frequently in the 
abdomen. The bronchial glands are enlarged, softened, and caseous; the 
pleura is studded with miliary tubercles; and the lung shews, on section, 
iiiiiumerable minute tubercle-granulations throughout its substance. 
There are usually, in addition, considerable engorgement, and oedema, 
and sometimes pneumonic consolidation, of the intervening lung-tissue. 

2. Lymphatic Spread 

The spread by lymphatics may shew itself in two forms : 

{a) The irregular, diffuse, or scattered form, which is seen especially 
in very acute and rapid cases, occurring secondarily to disease of the 
pleura or of the glands at the root of the lung. The lesions produced in 
this form of acute miliary tuberculosis generally cannot be distinguished 
from those in the acute form which is spread by tlic blood-stream. 

Naked-eye Appearance. — ^I^arge numbers of minute greyish nodules 
are seen scattered throughout the connective-tissue framework of the 
lung. They are irregularly rounded, often somewhat yellowish in the 
centre, and firm to the touch. They arc also seen immediately under 
the pleura, and are distinctly raised above the pleural surface. 

Microscopically, in their early stages, they are composed largely of 
lymphoid cells. There may be slight prohferation of the connective- 
tissue corpuscles and other cells, and the formation of so-called epithelioid, 
or, more correctly, endothelioid, cells, and shght evidence of central casea- 
tion may be seen. Usually, giant-cells are not formed. The walls of the 
alveoli may be thickened, and these, and the smaller bronchi, may be 
invaded by the tuberculous process. In this way, collapse and local 
catarrh may be brought about. 

(6) The more regular and locaUsed form of spread, by way of the 

^ribronchial lymphatics, is seen in the less acute and in the chronic 
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manifestations of the disease; but it may occur in cases which develop 
very rapidly. 

The character of the lesion varies with the size of the bronchus involved. 
The walls of the larger bronchi may be infiltrated to such an extent that 


' '' 



Fig. 318. — Lnruj. Acute Miliary Tuberculosis. Note tuberclc-granulationb on the 
pleural surface of right-hand figure. 


the tube itself is narrowed and obstructed; or the tuberculous focus 
may ulcerate into the bronchus. In either case, secondary dilatation 
and the formation of bronchiectatic cavities may occur, an acute tuber- 
culous bronchitis being set up, and thus leading to a spread by the air- 
passages, and producing a tuberculous broncho-pneumonia. 

Or again, the tuberculous infiltration may spread along the peri- 
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bronchial lymphatics to the walls of the smaller bronchi leading to one 
lobule or to a group of lobules, and there give rise to a similar reaction. 

- -- ^ The tubercles become ar- 
ranged in a racemose or 
staphyloid manner, corre- 
sponding to the divisions of 
the affected bronchus {see 
fig. 319). Ulceration into the 
, bronchus may take place, or 
the lumen may be blocked hy 
exuc^ate, leading to obstruc- 
tion and collapse, and then 
to tuberculous invasion and 
caseation of the collapsed 
area. 

When the walls of the 
more minute bronchioles be- 
come affected, the lesion 
tends to invade the alveoli 
and to give rise to a con- 
dition of tuberculous broncho- 
pneumonia. 

3. Air-Passage Spread : — 

This form of spread gives . 
rise usually to the catarrhal 
or broncho-pneumonic form 
of tuberculosis. It is a fre- 
quent mode ol secondary 
acute infection in the course 
of the more chronic cases, 
and is the elementary ana- 
tomical lesion in acute phthisis 
{see p. 71G). 

Methods of Infection. — 

The air-passages may become 
involved in the tuberculous 
process by the inhalation of 
contaminated dust from out- 
side, or of secretions of blood 
which contain the bacilli from 
the air-passages or the lung 
itself. Such an infection may 
arise also by the ulceration into the alveoli or into the bronchi of a 
tuberculous focus situated either in the peribronchial tissues or in the 
glands at the root of the lung. 



Fkj. 310, — Lm^g. Subacute Tuborculo«iH with 
some fibrous overgrowth towards upper iiart 
of lobe, and shewing acute jHiribronchial spread 
into tho lower lobo. (Ediuliurgh University 
Anatomical Museum. Catalogue No., R. C. 
e, 0.) 
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Cbn^&ctOTS oi the Lesions. — The infective material produces in tie 
minute bionciioles an intense catarrh, which spreads into the air-cavities. 
This catarrh is associated with rapid necrosis and caseation, not only of the 
inflammatory products, but also of the walls of the small bronchioles, 
the alveolar passages, and the air-cells. The condition may affect a part, 
or the whole, of one lobule, or a group of lobules, according to the size 
of the bronchiole primarily involved. The walls of the air-spaces may 
be infiltrated with cells of a lymphoid ty])e, and these cells may give rise 
to compression and to obliteration of the alveolar capillaries. Giant- 
cells arc usually scanty or entirely absent, or they may be found only 
in the peribronchial tissue in the original tuberculous focus. The Inter- 
vening lung-tissue may be intensely congested, may be oodematous, or 



f’la. 320. — Lunff, Acuto 'ruborculous Bronoho-Pnoiimonia. x2,'5. 


may shew haemorrhage, cat arrh, or the occurrence of a fibrinous exudate 
in the air-spaces - a conditioTi resembling acute lobar or lobular pneumonia 
being produced. 

As the condition spreads, little grape-like clusters- -the so-called 
“ staphyloid ” arrangement — of the tubercle-nodules, which are whitish 
or yellowish- white in colour, soft, and easily broken down, are seen 
scattered through the affected area. 

Naked-eye Appearances 

(1) If the lobular bronchioles only are affected, minute yellowish 
nodules are seen, scattered irregularly through the section. They may 
be slightly raised above the general surface. The nodules may be soft, 
and sometimes the outline of the bronchiole may be detected in them. 
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(2) If the larger bronchioles are involved, the nodules become arranged 
in groups of from about 2 to 5 mm. in diameter {see lower part of fig. 321). 
These are yellowish in colour, and slightly raised above the surface of the 
lung. By confluence, larger areas arc produced, and the lung presents a 
mottled appearance, the yellowish tuberculous areas alternating with 
reddish and congested areas of lung-tissue. The inter-lobular septa 

may be swollen, and there may be 
oedema, and fibrinous, or catarrhal, 
pneumonia in the intervening lung- 
tissue. 

II. CHRONIC TUBERCULOSIS 

In this form, the spread is by 
way of the peribronchial lymph- 
atics, and occurs in the same 
manner as in the more acute 
types ; but the lesions tend to be 
larger, and more localised by a 
growth around them of fibrous 
tissue, wdiich is often deeply pig- 
mented . They are firmer and 
larger, have a more definite 
structure than those of the acute 
forms, and shew, as a rule, very 
definite giant-cell systems round 
the periphery [see fig. 322). 

Naked-eye Appearances. — ^Such 
chronic nodules are characterised 
especially by : (I) A greater trans- 
lucency, at any rate in their earlier 
stage, before the fibrous tissue 
becomes very dense. (2) Pig- 
mentation, which is duo partly to 
the old accumulation of carbon- 
pigment at the site of the original 
peribronchial lymphatics, and also 
to the increase of pigment which is associated with all chronic irritative 
conditions. (3) Fibrous overgrowth round the nodule, forming a sort of 
capsule, either localised or extending into the surrounding lung-tissue, 
and producing extensive interstitial pneumonia. The centre of the area 
may shew caseation. 

Microscopically, the nodules are composed of fibrous or fibro-cellular 
tissue, with some caseation in the centre, and generally with definite 
giant-cell systems at the periphery {see fig. 322). 



Fia. 321. — Lung, Shewing very advanced 
Acuto Oasoating luborculous Broncho- 
Pnoiiinonia, with great thickening of the 
Pleura. 
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In chronic tuberculosis leading to chronic phthisis, there may be 
extensive areas of caseation, surrounded by proliferated fibrous tissue. 
These may ulcerate into a bronchus, and thus form cavities of various 
sizes. This invasion of the bronchus may give rise to acute tuberculous 
bronchitis, and, subsequently, to acute tuberculous broncho -pneumonia. 
Or again, the nodules may undergo healing, i. c. become surrounded and 
shut in by a dense fibrous capsule (fig. 323), the central part usually shewing 
caseation and sometimes calcification, or the original focus may simply 
be represented by a dense pigmerited and contracted fibrous scar. 



Kig, 322 — Lvv^. A Nodulo in ji progress! vo ease of C'hronie Tuberenlosis, shov ing rentral 
casoa< ion, giant-cell fonnation, and peripheral lihrous-tissuo overgrowth. X 50. 


FIBROID ‘‘ HEALED ’’ TUBERCLE : » 

In all tuberculous lesions, there may be observed a varying ratio 
between the processes of destruction produced by the toxins of the 
bacilU and the processes of reaction against these on the part of the 
body-tissues. When the latter are successful in localising, or even in 
entirely neutralising, the effects of the former, they do so to a large extent 
by proliferation of the connective-tissue elements, which come to surround 
the diseased area and form a capsule, as it were, which cuts it off from, 
and prevents its further spread into, the neighbouring tissues. These 
proliferative changes are, therefore, specially found where the tuber- 
culous process has been arrested, or where its development has been 
very slow; but they may also develop even in the more acute lesions. 
Thus, the minute tubercle-granulations of the acute lymphatic type of 
tuberculosis may shrink, become fibrous, and leave only small scars 
of pigmented fibrous tissue; or the nodules of broncho-pneumonic 
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tuberculosis may become surrounded by a zone of fibrous tissue, and the 
caseous contents of the nodule niay dry up and perhaps eventually 
become calcified. The fibrous overgrowth is especially pronounced in 
the more chronic peribronchial form. The bronchus — often completely 
obliterated — and the areas of lung-tissue around it and supplied by it, 
together with any associated caseous or calcified material, may become 
surrounded by a zone of dense fibrous tissue, and, at the periphery of this 
fibrous tissue, a slow extension of the fibrosis into the lung-tissue may 
be seen (.see fig. 323). In the later stages, the healing process may be 
so complete that the tuberculous nature is shewn only by the persistence 
of giant-cells in the fibrous- tissue nodule. 



Fia. 323.— Lung. Fibroid llealud ” Tubercle. Note the dense fibrous- 
lissuo zone around the central caseous area. X 10. 

' B.— TUBERCULOSIS WITH CAVITY-FORMATION (PHTHISIS) : 

The term “ phthisis ” or “ wasting ” was originally applied clhiically 
to the general condition of a patient suffering from certain forms of 
tuberculosis ; and from this it has come to be applied also to the patho- 
logical condition of the lung, in which the tuberculous lesion leads to 
wasting of the lung-tissue with cavity-formation. The pathological 
processes which are concerned in the production of phthisis are essentially 
the same as those already described under Acute and Chronic Tuberculosis, 
though there is usually a more regular extension of the lesion, combined 
with greater consolidation of lung-tissue, and always a breaking down 
and excavation of the caseous tuberculous material, i. e. the formation of 
cavltieB. 

The two essential processes in phtliisis are consolidation and exeava- 
flon. One lung only may be affected, but, very frequently, both are 
infected from the same source, either simultaneously or at different 
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periods. The degree of spread is usually wore marked in one lung than 
in the other, and the characters of the lesions, even in the same lung, often 
shew that there have been successive infections. 

The disease begins frequently at or near the root of tlie lung, and, 
from this point, it tends to spread ujjwards and outwards along the inner 
aspect of the upper lobe towards the apex, where the condition may 
be detected clinically. Sometimes, the spread is more directly outwards, 
and may come to involve the middle part of the up})er lobe externally. 
From the apex, the disease tends at first to spread sh)wly and continuously 
downwards by a process of direct local infiltration, or by a spread along 
the pleura; but, at any period, it may suddenly spread discontinuously, 
i. c. the infection may be carried to other and move distant, parts of the 
lung. Thus, scattered patches may be found in tlie lower and posterior 
parts of the lower lobes, owing to inhalation along the bronchi of infected 
secretion, which gives rise to a catarrhal or broncho-pneumonic tuber- 
culosis, often very acute in its progress. Ju the section of such a lung, 
there may, therefore, be old chronic tuberculosis or phthisis at the apex, 
and acute tuberculous broncho-pneiuiionia in tlu* lower lobe or elsewhere. 

The process may also extend along the peribronchial lymphatics, 
until it comes to involve the smallest bronchiedes, from which it 
spreads to the air-vesicles, forming little staphyloid or cluster-like 
nodules, often shewing marked incr('ase of pigmentation, and giving 
a granite-like appearance to the section. Overgrowth of fibrous tissue 
tends to occur around the nodules. Such gradual and progressive fibrous 
overgrowth is due especially to slow spread along the ])cri bronchial 
lymphatics. The consolidation extends towards the surface of the lung 
and gives rise to repeated attacks of pleurisy, which lead to adhesions, 
and often to considerable fibrous thickening of the pleura over the con- 
solidated areas. Both lungs are usually involved, the disease being 
generally more advanced in one orgai^ than in the otlier. The second 
lung may be infected, either by way of the bronchial glands and lymphatics, 
or by inhalation backwards of infected sputum which is being expectorated 
from the diseased lung. 

The pathological appearances which arc classified under the term 
Phthisis present many variations. These are diie partly to the rate at 
which changes are produced, partly to the preponderance of one or other 
type of primary lesion, and partly to the iiitercurroncc of other processes. 
Thus, the lesions which progress slowly shew a greater degree of fibrous 
overgrowth, etc., than do those which develop rapidly. Where a broncho- 
pneumonic form predominates, there is likely to be cavity-formation of , 
a more irregular type than wdiere the prevailing type is lymphatic; and 
again, a phthisis of slow development may, at any period in its course, 
assume acute characters and advance rapidly. In addition, there may 
be changes in the type of the lesion. Thus, a chronic tuberculous peri- 
bronchitis may, by the ulceration of the nodule into the bronchus, become 
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an acute tuberculous broncho-pneumonia, or, by ulceration into a vessel, 
give rise to the acute miliary form of the disease. Further, the two 
lungs may shew lesions differing in type. 

Thus, it will be seen that, from the consideration of the pathological 
anatomy or histology of phthisis, it is extremely difficult, or even im- 
possible, in many cases, to draw a definite line of demarcation between 
the acute and the chronic forms. 

It is. however, convenient, for descriptive purposes, to classify the 



I^'IG. 324. — Lung. Acute Phthisic, shewing a small cavity with irregular and ragged caseous 
wall, and also consolidation throughout the remainder of the lung -tissue. X 35. 

condition into cases which are acute and those which are chronic ; but 
it must always be remembered that this distinction is one merely of degree 
and is therefore more or less artificial. 

X ACUTE PHTHISIS - 

Under this term we include only the more rapidly progressing forms 
of tuberculosis, in which the fundamental lesion is consolidation by a 
tuberculous broncho-pneumonia with necrosis and caseation, followed 
by excavation or cavity*forniation. The consolidated areas may occur 
as very minute scattered foci, as larger lobular areas, or as patches 
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occupying considerable portions of the lung — ^these larger areas being 
formed by the confluence of smaller patches. The intervening lung- tissue 
always shews a varying degree of congestion and oedema, and very often 
acute fibrinous or catarrhal pneumonia. AVhen the tubercles reach the 
surface of the lung, patches of pleurisy always develop over them. In 
a certain proportion of cases, the caseous 
nodule is surrounded by a fibro-ccllular 
zone, in which giant-cells arc usually 
present. This proliferation of fibrous 
tissue, and the presence of giant-cells, 
indicate a certain degree of chronicity. 

The cavities may be rapidly formed and 
numerous. They are often small and 
have ragged caseous walls, and may be 
produced by the softening and breaking 
down of caseous broncho-pneumonic areas 
or — and probably more frequently — by 
ulceration and dilatation of the small 
bronchi {see fig. 325). In our exjieriencc, 
cavity-formation is co^pparativcly un- 
common in young children. 

Sometimes, the acute destructive 
changes and softening may be more 
extensive and come to involve consider- 
able areas of lung-tissue, producing large 
cavities, from which the caseated and 
necrotic tissue may reach the bronchi 
and be expectorated. I^he sputum, in 
such cases, contains fragments of elasi-ic, 
tissue and other elements of the fibrous- 
tissue framework of the lung, as well as, 
in some cases, enormous numbers of 
B, tuberculosis. 

II. CHRONIC PHTHISIS 

The essential lesion in this form of 
the disease is consolidation brought about 
by the development of peribronchial 
tubercles. There may, in addition, be nodules in the fibrous tissue of 
the septa, the deeper layer of the pleura, etc. Around and from these 
peribronchial areas, proliferation of fibrous tissue takes place and extends 
into the lung-tissue, producing the condition of chronic tuberculous 
interstitial pneumonia, which may become very extensive, and may be 
the most obvious lesion. 

Cavities are formed by the caseation and softening of the peri- 



Fjg. 325. — Luv^. Ac'uio Phthisis, 
shewing a larger, somewhat 
chroriio cavity at the apox, and 
talso Humorous sraallor, irregular, 
acutely -formed cavities in the 
remainder of the luiig-tissiio. 
Many of those cavities are ob- 
viously dilated bronchi with 
ulcerated walls. (Edinburgh 
University Anatomical Museum. 
C^italogue No., U. (■. f. (i.) 
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bronchial nodules and their ulceration into the bronchus, into which the 
softened material passes and is then expectorated. Perhaps more com- 
monly, the cavities are bronchiectatic in origin. The walls of the bronchus, 
into which the peribronchial nodule has discharged its contents, become 
attacked and softened by the spread of the tuberculous process. The 
bronchi, in this way, arc less resistant to the inspiratory efforts, and a 
gradual, and usually irregular, dilatation takes place, aided, no doubtj' 
by the external traction of the proliferated and contracting fibrous 
tissue surrounding the affected bronchus. The walls of the bronchi may 
become completely destroyed, find the bounding layer of the cavity 
may consist of the proliferated fibrous tissue of the lung- for example, 
the thickened inter-lobular septa, or even the newly-formed bands of 
fibrous tissue which are produced by the interstitial pneumonia and> 
which bring about the consolidation in that condition. 

Character of the larger cavities. — The chronic cavities are often very 
irregular in outline, and sometimes sinuous or multi -locular. The lining 
membrane is smooth and fibrous in the very Chronic forms, or coated 
with caseous material in the less chronic types. The walls of the cavities 
are often extremely vascular. Crossing the cavities, or projecting from 
their walis, there are generally bands of fibrous ^tissue corresponding with 
the more resistant inter-lobular septa and peribroncliial connective tissue, 
and containing partially obliterated brofudii and vessels. These vessels 
may bcconio varicose, and, on account of the loss of their support, smaD 
aneurisms may form on them, and these may rupture or become eroded 
by ulc(‘ration and give rise to serious hsemorrhage. The cavities, how- 
ever formed, usually increase in size, not only by progressive ulceration 
of their walls and distension by long-continued coughing, but by being 
dragged upon externo.lly by the contracting fibrous tissue of the increasing/ 
chronic interstitial pneumonia. The contents of the cavities, composed 
of caseous and necrotic tissues, may become decomposed owing to fhe 
entrance of putrefactive and other bacteria;, or pyogenetic bacteria may 
gain an entrance, giving rise to local suppuration, whilst even septicsemic 
or pyseniic complications sometimes result from their presence. The 
infective contents of the cavities, entering the larger bronchi and trachea, 
may lead to ulceration of these structures, especially marked between the 
rings of cartilage ; and this ulceration may also occur in the larynx. The 
pleura over the chronic cavities often becomes very much thickened and 
adherent to the chest wall, this thickening acting as a protection against 
perforation. Occasionally, however, perforation does occur — ^usually in 
the more acute cases — ^and pyo-pneumothorax may thus ^result. 

Naked-eye Appearances. — In a typical case of chronic phthisis, the 
pleura of the lung, especially at or over the apex, is much thickened, 
and dense adhesions to the parietal layer may form. Under this thickened 
pleura, and usually near the aj>ex, are found cavities, one or more in 
number, of the character already described. These cavities vary much 
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in size. They may be small, or, in other cases, a single cavity may 
occupy the whole of the upper lobe (see fig. 326). Throughout the rest 
of the lung, thickened bands of fibrous tissue are seen, amongst which 



Fio. 326. — Lung. Chronic Phthisis, shewing a large irregular cavity in the upper lobe. 
In the lower lobe there are scattered acute nodules grouped in clusters around the 
small bronchi, and also several small, more acute cavities. The bronchial glands 
are enlarged and caseous. (Edinburgh University Anatomical Museum. Catalogue 
No., R. C. g. 10.) 

there are, frequently, smaller cavities present, e.g. especially in the upper 
part of the lower lobe ; and, in and between the fibrous tissue, whitish or 
yellowish-white caseous tuberculous nodules may be found, giving rise to 
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the so-called Obro-easeous tuberculosis. The bronchial glands may shew 
small or large areas of caseous transformation. 

On microscopical examination^ such chronic tuberculous nodules 
show a caseous centre, with a peripheral fibro-cellular zone, which is 
often pigmented, either with carbon-particles or with altered blood. 
Giant-cells are always found in this fibrous tissue ; and, associated with 
these peribronchial nodules, a varying amount of interstitial pneumonia 



Fig. 327. — Lung. Cliroriic Phthisis. This section is taken from a part in which cavity- 
formation is almost absent. It shews the irregular tuberculous nodules (with caseous 
centre, giant-ceUs, and fibro-cellular zone) which have fused to form dense consoli- 
dated areas. Note the “ pseudo-glandular ” character which the alveolar spaces 
have assumed (c/. Interstitial Pneumonia). x35. 


occurs at places, often giving rise to dense masses of consolidation in which 
groups of caseous tubercle-nodules are seen (fig. 327). 

The bronchial glands may shew minute foci of tuberculosis, with 
giant -cell systems, or caseation throughout. Calcification is very common ; 
and waxy or amyloid degeneration may also, in some instances, especially 
in very chronic cases, be demonstrable in them. 

HEMORRHAGE FROM PHTHISICAL LUNGS 

* Hsemorrhage may occur at various periods of the disease. In early 
leases it may be due to-^ 
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(i) The softening and ulceration of a peribronchial tuberculous nodule, 
forming a communication between a bronchus and a branch of the pul- 
monary artery (or possibly a tributary of the vein) or a bronchial vessel 
This is probably one of the most important causes of early hsemoptysis. 

(ii) The ulceration of the wall of a cavity opening into a small vessel. 
As the effused blood often contains B. tuberculosis, and is inhaled 
into other bronchi, these hasmorrhages may give rise to an acute spread 
of the disease, the blood acting as a “ culture-medium,” as it wore, for 
the growth of the bacillus, and also assisting its attack by acting as an 
irritating foreign body. It is also possible that some of the bacilli may 
get into the blood in the pulmonary artery, and so cause an acute blood- 
spread. 

Later in the course of the disease, hsomorrhage may be caused by— 

(i) The ulceration of the walls of a cavity eroding and opening into 
blood-vessels. 

(ii) The engorgement and rupture of capillaries in the vascular walls 
of cavities, giving rise to a condition of oozing from the walls. 

(iii) Rupture of, or erosion into, small aneurisms on branches of the 
pulmonary artery. Such rupture, of even a very minute aneurism in 
the walls of a cavity or in some of the fibrous bands traversing it, may 
lead to a fatal haemorrhage. 

(iv) Ulceration into a tributary of the pulmonary vein is not common, 
but may occur. 

(v) Rapid softening and breaking down of a large area of lung-tissue 

may cause haemorrhage by opening into the vessels. Except in extremely 
acute cases, such a result is not frequent, because the vessels round the 
tuberculous focus usually undergo obliteration — the tuberculous area 
itself being thus non-vascular. 

TUMOURS OF THE LUNG 

PRIMARY TUMOURS are extremely rare. Osteomas, chondromas, 
and sarcomas, occur, but the most usual primary tumours are 
columnar-celled cancers — originating^ probably, from some part of the 
bronchi or froni the mucous glands — ^and mesotheliomas (endotheliomas) 
arising from the endothchum of the lymphatics of the deeper layer of the 
•pleura., 

SECONDARY TUMOURS are frequently seen in the lung. All 
forms of sarcoma and of cancer may occur. Direct spread of lympho- 
sarcomas of the mediastinal glands into the lung-tissue is common. The 
secondary growths of certain tumours of bone, especially sarcomas — 
because of their tendency to spread by the blood-vessels — and of chorion- 
epithelioma, have their seat of election in* the lungs. 

PARASITES 

Hydatids are not infrequent, and are found especially in the right 
48 
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blower loe. Of the others, the most important are certain Jujig-Sukes 
(Paragonimus ringeri, P. westermani, and P. kellicotti) the ova of which 
are found in the sputum (see p. 390). In fllariasis, the Microfilarice are 
found congregated in the blood-vessels of the lung during the periods in 
which they are absent from the peripheral blood. Filaria bronchialis 
is unusual in man. Abscesses caused by Entanmba histolytica, and 
secondary to dysenteric ulceration of the intestine or to amcnbic abscess 
of the liver, are occasionally found. These conditions are discussed in 
tlie section on Animal Parasites, as is also the migration of Ankylostoma, 
via the lungs and bronchi, on its way from the skin-surface to its 
habitat, the upper part of the small intestine. 


^ DISEASES OF THE PLEURA 


HYDROTHORAX. — Normally, the pleural cavity contains a very 
slight amount of fluid; but there may be an increase in its amount 
during the hours before death. Thus, a small amount of fluid found in tlie 
■pl( 3 iiral cavities at a post-mortem ejcaminatioii may be of little pathological 
significance. Larger accumulations, however, may occur as part of a 
general dropsy in cardiac or in renal disease, and to this condition the 
term Hydrothorax is applied. They are usually bilateral, though the 
amount of fluid may be largcir in one pleural cavity than in the other; 
but a unilateral condition juay occur, as, for example, from pressure on 
the veins of one side by tumours, or without obvious cause, as in Bright’s 
disease, in which this unilateral hydrothorax is sometimes present. The 
fluid presents the oidinary characters of a serous transudate. . The pleura 
itself may become diffusely thickened and opaque, or even oedematous, 
as a result of the collection of fluid, and the lungs may become extensively 
collapsed. If adhesions are present, these, and also the lung-tissue, may 
become oedematous, and no fluid may be found in the pleural sac. 

HEMORRHAGE. — Small sub-pleural ecchymoses are seen in various 
forms of infective diseases {e,g, the acute fevers and septicaemias), in 
blood-diseases such as pernicious anaemia, in purpura, in cases of asphyxia, 
and in some cases of chronic venous congestion. 

Larger Hsemorrhages, constituting the condition of Hsemothorax, 
may be due to wounds of the chest-wall or lung causing laceration of 
blood-vessels, to fracture of the ribs, to rupture of aneurisms into the 


pleural sac, or to the presence of tumours. Haemothorax is a frequent 
complication of war-wounds of the chest. The fluid consists, in the main, 
of defibrinated blood, which docs not undergo massive clotting when 
removed from the chest. The lung is very frequently collapsed, 
especially the lower lobe. The portion of the lung above the fluid may 
sl^ew very marked emphysema. 

' at the upper limit of the effused blood, are found loose 

fibrinous Mliesions glueing the surface of the lung to the chest-wall.; 
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whereas, in the area of effused Wood, both the parietal pleura and the 
collapsed lung become coated with a thick layer of Gbrin, The collapsed 
lung, especially if it is not lacerated, very rarely shews any evidence of 
pneumonia or even acute hyperaemia. Infection does not necessarily 
take place, but may occur early or late in the process. In the infected 
cases, the exudate contains many inflammatory cells (polymorphonuclear 
leucocytes, etc.), the fibrin-deposit on the pleura is more marked, and there 
may be a considerable development of gas from the gas-producing 
anaerobes. This gas has an offensive smell, often accumulates under 
considerable pressure, and may be collected above the septic blood, 
isolated by adhesions, or may occur at isolated points in the midst of an 
infected haemothorax. Henry found that sucli organisms as Pneumococci, 
B, inJluenzcB and M. tetragenus were found in twenty per cent, of his 
cases, and that, in the remaining eighty per cent., the principal organisms 
were Sirepipcocci, Staphylococci, and anaerobic gas-fonning bacilli, and, in 
approximately fifty per cent, of his infected cases, anaerobic bacilli, either 
alone or in association with cocci, were found. 

In aseptic haemothorax, the fibrin which is found on the pleura is 
probably precipitated fibrin resulting from the defibrination brought 
about by the cardiac and respiratory movements. 

In septic haemothorax, in addition to the fibrin seen in the aseptic 
cases, there is a secondary inflammatory deposit of fibrin from the pleural 
effusion . This may be very slight, or a thick, ragged , shaggy spongework, 
containing gelatinous pus in its interstices. 

The source of the blood, in these cases of haemothorax resulting from 
gunshot wounds, may be the vessels in the chest-wall, but, after careful 
observation, Henry and Elliott conclude that, in the majority of their 
cases, the haBUiorrhage came from the lacerated vessels in the lung. 

PNEUMOTHORAX.— The accumulation of air or gas in the jBcural 
cavity, for which this term is used, may be either general, or localised 
by adhesions. It may be due to the entrance of air, either from with- 
out, or from the lung. A wound of the chest-wall or a wound of the 
lung may thus give rise to it, or it may be caused by rupture or ulcera- 
tion of the lung-tissue. The ulceration may result from the softening 
and breaking down of a septic infarct, or be produced in a minute 
bronchiectatic or tuberculous cavity which is in direct communication 
with a bronchus ; and, in either case, it may produce a communication 
between the air-tissue of the lung and the pleural cavity. Rupture of 
the lung-tissue may occur during excessive exertion — for example, during 
the paroxj^sms of whooping-cough or a severe attack of coughing, 
especially if the lung is emphysematous. 

The condition is also, but much less commonly, produced by the 
ulceration of a suppurating or tuberculous bronchial gland i^to a 
bronchus and also into the pleural cavity ; or by the perioratvi^^l^i^tlie 
pleural cavity of an ulcer of the stomach which has becohle" adherent 
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to the diaphragm. It may be caused by the gas formed by the organisms 
during life. These are usually anaerobes. Heiuy and ElUott^ found that 
this was the general type of paeuznotborBX resulting from wounds of the 
thorax, and that the presence of air derived from the lung itself was very 
uncommon. No doubt some air must escape through the damaged lung- 
tissue, but, apparently, this is small in amount and is soon absorbed. 

Results. — The most important complications or sequelae of this 
condition are collapse of the lungs, and, especially if septic organisms arc 
introduced, inflammation, suppuration, haemorrhage, etc., and the 
production of pyo- and hsemo-pneumothorax. 

ACUTE INFLAMMATION (PLEURISY or PLEURITIS)^may result 
from local or from general causes. Among the local causes, the most 
important is extension of the inflammatory process from adjacent parts — 
for example, from the lungs in cases of pneumonia, septic infarction, 
gangrene, or tuberculosis : from the heart in pericarditis : from acute 
inflammatory conditions of the mediastinum, of the ribs, or of the chest- 
wall ; from the abdomen, by way of the lymphatics of the diaphragm, 
in peritonitis or in other abdominal affections; or it may be due to 
traumatism of the chest-wall or of the lung. In the group of general 
causes, those conditions which involve the pleura) by way of the circulating 
blood may be mentioned. In the main, the irritants are of bacterial 
or toxic origin, though the nature of sonu' is obscure or entirely unknown. 
Cases of pleurisy which occur in pyaemia and septiceemia, acute rheuma- 
tism and other acute infective diseases, and in tuberculosis, are, no doubt, 
due to the direct action of bacteria or of the poisons produced by them. 

A possible cause of the pleurisy w-hich occurs in some cases of Bright’s 
disease and scurvy is the presence of some metabolic poison which may 
act in a similar way to the toxins of bacteria ; but, in the majority of such 
cases, "these poisons — if present — merely predispose the tissues to organ- 
ismal infection . Certain forms of pleurisy arc secondary to tuberculosis or 
cancer of the pleura. When, how^ever, all these causes have been excluded, 
there still remains a small residuum of cases in which the origin of the con- 
dition is uncertain. These, until their cause has been ascertained, are 
classed as cases of idiopathic pleurisy. Some of these are undoubtedly 
tuberculous in origin, and, if a systematic and thorough examination were 
made by inoculation into guinea-j>igs, we feel sure that the number of 
so-called idiopathic cases would be very small. 

Morbid Anatomy. — Several forms of acute pleurisy may be distin- 
guished, though one form, at a later period, often passes into another. 
Of these, the most important are the dry or fibrinous, the serous or sero- 
fibrinous, the purulent, and the hsemorrbagic. An acute attack is often 
superimposed on a chronic one, and fibrin may be deposited on the 
thickened and adherent pleura. Thus, a new attack of acute pleurisy 
may occur in portions of pleura still unobliterated by adhesions due to 

1 Herbert Henry and T. R. Elliott, “ The Morbid Anatomy of Wounds of the 
ax,’* Jouu R.AM.C., vol. xxvii., 1916, p. 526, 
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a previous pleurisy which may have been caused by the same, or by some 
other, variety of organism. 

(a) Dry or Fibrinous Pleurisy, — This begins with the usual inflam- 
matory phenomena of dilatation of vessels, exudation of lymph, and 
emigration of leucocytes. The lymph becomes coagulated, and is depos- 
ited in the form of fibrin on the pleural surface. This lymph, at first 
a thin white or greyish pellicle, soon becomes yellowish, and increases 
considerably in thickness. The process may be confined to small localised 
areas of the pleura, or may be very widely spread. The microscopical 



Fig. 328 . — Acute Pleurisy. Shewing a deposit of fibrin and leucocytes on the 
surface of the pleura. X 60. 

appearances are in no way different from those of an ordinary inflam- 
matory exudate on any serous surface. The deposit generally takes place 
on both the visceral and the costal pleura ; and adhesions between these 
two surfaces, or between the adjacent layers of visceral pleura lining 
the inter-lobar sulci, are thus formed. The exudate may, at a later 
period, be absorbed ; or definite organisation and the formation of con- 
nective tissue, diffusely or in bands, be produced. If adhesions do not 
take place, the organisation leads to chronic thickening of the pleura. 
The organisms concerned in this process are probably mainly Sire^- 
cocci (e. g. S. rheumaticus) and the Pneumococcits, 
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. (b) Serous or Sero-Fibrinous Pleurisy.— This may be a further stage 

of the Sbn'nous variety; but, frequently, the serous exudation occurs 
early iii the inSaimnatory process, and develops very rapidly. The 
amount of fluid is determined, to some extent, by the presence or absence 
of adhesions in the pleural sac; and, if there are no adhesions, the sac 
may be almost completely filled wuth fluid, the lung being pressed back- 
wards and inwards towards its root, and becoming practically completely 
collapsed ; and the heart and pericardium displaced towards the i^iddle 
line or to the opposite side of the chest. The pleura itself shews a more 
or less extensive coating of fibrinous exudate. 

Characters of the Fluid. — The serous exudate, if rapidly formed, 
closely resembles dropsical fluid, but, usually, it contains more albu- 
minous material. Leucocytes may be scanty or very numerous. Their 
characters vary with the nature of the causal condition and the acuteness 
of the process. Thus, in the pleural inflammations caused by pyogenetic 
organisms, e. g. Pneumococci, Staphylococci, or Streptococci, the poly- 
morphonuclear leucocytes predominate in the early stages; whereas, in 
those caused by J5. tuberculosis, the lymphocytes^ or cells indistinguish- 
able from these, are the principal cells present. Again, in more 
chronic inflammatory cases, the proportion of mononucleated cells of 
various kinds is considerably increased. 

Results of the Process. — ^^riic fluid may become absorbed, and the 
epithelium be restored to its normal condition. More frequently, 
however, adhesions are formed, ‘at first delicate and somewhat cellular, 
but, later, composed of dense fibrous tissue, by whicli the lung and chest- 
wall become closely bound in apposition to one another. In certain cases, 
fibrous bands of considerable length pass between the lung and the 
chest-wall. 

I (c) Purulent Pleurisy (Empyema). — ^This condition is sometimes 
secondary to other forms of pleurisy, but, more commonly, it is a suppura- 
tive afiection from the beginning. It is very difficult and, in many cases, 
impossible, to draw a clear distinction between pleurisy and empyema. 
Both are inflammatory processes caused by bacteria, and, whether the 
condition is suppurative or what is called nou-suppurative, depends on 
various factors, e. g. duration, character of organisms, etc. 

.Sltlology. — ^Thc suppurative process may spread directly from the 
lung in cases of acute lobar pneumonia, septic pneumonia, septic infarction, 
bronchiectasis, abscess of the lung, or tuberculosis, especially where a 
cavity has perforated ; it may be secondary to diseases of the chest-wall, 
e. g, ribs, aud occasionally the vertebrae : or to peritonitis or to any sup- 
purative condition below the diaphragm in connection with the liver, 
spleen, stomach, or intestines ; or it may arise in the course of pyaemia, 
the infective agent being carried to the pleura by the blood-stream. "^ 
Of the organisms found, either alone or in association with one another, 
the commqpjCst are the Pneumococcus and the Streptococcus pyogenes ; 
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Staphylococci and B. pnmimnim are not infrequently found, and 
B. tuberoidosis is sometimes the causal organism, especially in cases 
arising from the rupture of a tuberculous focus in the lung or else- 
where. In individual cases, B. coli commimis, M. tetragenus, Streptothrix 
actinomyces, various forms of Leptothnx, ate., have each been described 
as the only organisms present, and, therefore, possibly causal of the 
condition. In certain cases, the purulent fluid has a very foul odour, 
and, in 'these so-called “putrid empyemas/’ various large, and at 
present unclassified^ bacilli have been demonstrated. In such cases, 
gas is often present. 

Sites. — The collection of pus is found at any part of the pleural 
cavity, but its commonest situation is over the lower and outef aspect 
of the lower lobe. If there are no adhesions, the spread becomes 
general, and an enormous quantity of pus — usually pale greenish- or 
yellowish-white in colour, varying in consistence, and perhaps containing 
shreds of coagulated l 3 unpli- -collects. The ])urulent exudate is 
sometimes confined to the surface of the diaphragm or to an inter- 
lobar sulcus. 

Results. — These may be classified as follows : — 

1 . Collapse of the lung takes place to a varying degree, de])ending on 
the amount of fluid, and on the exlent of the adhesions, if present. 

2. The pus sometimes burrows, especially along the lines of the 
intercostal spaces, and accumulates in the subcutaneous tissues of the 
tliorax : or it may make its way downwards between the pillars of the 
diaphragm, and form an abscess round the kidney, or it may even reach 
and come to the surface in the inguinal or gluteal regions. 

3. Perforation into the lung and partial evacuation of the contents 
through the bronchi may take place, giving rise to purulent expectoration, 
with inflammation in both the bronchi and the tissue of the lung. Air 
sometimes enters the pleural cavity by this new channel, and gives rise 
to pyo-pneumothorax ; and, if putrefactive bacteria gain admission, the 
pus assumes a very putrid character. 

4. The fluid part of the pus may undergo absorption, leavi)ig inspiss- 
ated caseous material which becomes calcified, and — ^the pleura becojning 
greatly thickened — re-expansion of the collapsed lung, which has become 
extensively fibrous, is prevented. The chest-wall is dragged in, and 
the pericardium and heart., as well as the opposite lung, may bo pulled 
across the middle line. 

I (c?) Haemorrhagic Pleurisy. — The only special character presented 
by this variety is that the fluid contains a considerable amount of blood, 
and, in some cases, the exudate is composed of this almost entirely. 
The condition is associated especially with tuberculous and malignant 
diseases of the lungs and pleura. In cases of malignant disease, tumour- 
cells are sometimes recognised in the fluid; but, unless they occur 
in distinct clumps and masses, it is often extremely difficult, or even 
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Fia« 330 . — M esothdioma (“ Eindothelioma **) of Lung. Masses of tumour-cells 
in pleural fluid. X 300. 
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impossible, to distinguish them from some of the mononucleated cells 
which are present in the exudate in cases of pleurisy. HsBmorrhagic 
effusion may occur also in the pleurisy, sometimes found in Bright^s 
disease, in certain* blood -diseases, in scurvy, or similar conditions. 

CHRONIC PLEURISY. — ^This term is generally applied to a fibrous 
thickening of the visceral layer of the pleura, the result of repeated 
acute attacks, or of that proliferative and protective process, which is 
found especially in cases of chronic phthisis. 

• Localised chronic fibrous thickenings of the pleura have been referred 
to under the various forms of chronic interstitial pneumonia. They are 
common in elderly people, and occur specially at the points where the 



Fk;. 331. — Pleural Fluid (film of cciilrifugalistHl deposit), from a case of 
lymphosarcoma of mediastinal glands invading lung and pleura. X 300. 

inter-lobular septa meet the deep layer of the pleura. Thc^y may be 
formed around accumulations of pigment, or of other foreign material 
such as stone-particles, etc., or — if not, as they frequently are, of chronic 
tuberculous nature — are probably due to obliterative changes in small 
vessels. 

TUBERCULOSIS OF THE PLEURA 

This condition is either primary or secondary. The former is said to 
be rare, but, according to the work of Washboum, the condition is much 
commoner than is generally supposed. In these primary cases, the 
resemble very closely those seen in aente non-tuberculous 
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t'la. •m.-Plcvra! Fluid, shcwiii}; lyinpho-sarcoma colls and rod blood-corpuaclcs, 

from a case of ]yjni>lio-sarcoma of tlio lung. X .>00. 
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]61eurisy. The exudate, however, is usually rich in lymphocytes, and the 
presence of B. tuberculosis, where microscopical examination fails to 
demonstrate it, may be detected by iiwciilation-experiiueiits. It is not 
uncommon, especially ijx children, to find Sireplo- and Pneumo-cocci in 
addition to B. tuberculosis, in which case the exudat(^ may contain 
polymorphonuclear leucocytes in great abundance. 

The secondary forms have been described under Tuberculosis o£ 
the Lungs. 

• TUMOURS 

Primary Tumours arc rare. Fibromas, lipomas, chondromas, osteomas, 
sarcomas (especially the spindle-celled variety), atul cancer, have been 
described. Primary mesotheliomas (endotheliomas), starting in the 
lymphatics of the deep layer of the pleura, occur. 

Secondary Growths^of sarcomas and carcinomas are of more frequent 
occurrence. 

PARASITES r— 

Echinococcus cysts (Hydatids) are the only important parasites found 
in the pleural cavity. 



CHAPTER XIX 


DISEASES OF THE DIGESTIVE SYSTEM 
DISEASES OF THE MOUTH 

MALFORMATIONS 

Various clefts and fissures have been described in connection with the 
lower lip, the palate and nasal ))ones, etc., but the most frequent develop- 
mental defects, in this region, are cleft-palate and hare-lip. To understand 
these abnormalities, it is necessary to remember that, in the development 
of the primitive ])alate, there are three parts concerned : (1) a premaxillary 



I<’iG. 334. — Single Hai«*lip with cleft palate. (From a case of Sir Harold Stiley.) 

and vomerine part developed between the nasal passages, and (2) a right 
and (3) left maxillary part, laid down on the outer aspect of each j)assage ; 
and, further, that, in the formation of the face, five processes, which 
begin to spring from the base of the primitive cerebral capsule towards 
the end of the third week of foetal life, have to be considered. These five 
are illustrated in fig. 335, and the two, which are of special importance 
in the formation of the lips and palate are the nasal, composed of 
symmetrical right and left halves, and the maxillary, processes. 

The mesial nasal process forms the whole septum of the nose, the 
premaxillaiy part of the upper jaw and the middle third of the upper Up. 

The maxillary process, in front, comes in contact and fuses with that 
part of the mesial nasal process which forms the premaxUlary part of the 
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upper jaw and the middle part of the upper hp. The hard palate (with the 
exception of the premaxillary part) is formed by a horizontal plate which 
grows inwards from the maxillary process on each side and fuses with the 
plate of the opposite side. The lines of union are indicated in fig* 336* 

In hare-lip, there is a failure of union between the mesial nasal process 
which forms the middle third of the upper lip and the maxillary process 
which form the lateral parts. This failure of union may be unilateral 
or bilateral, producing single or double hare-lip respectively, or it may 
occur only to a limited degree on one side, and may be represented by 
a mere notch on the margin of the lip. 

In cleft palate, all degrees of non-union are found — from a slight 




Fig. 337 — Double Karo-lip, shewing tho 
premaxillary mass, etc., front view. 


Fig. 338. — Sidd-view of same shewing 
projecting premaxillary mass. 


(From,. a case of J^ir Harold Stiles.) 


splitting of the uvula posteriorly to complete fissure of the palate, with 
cleft of the lip on each side. The cleft in the palate will necessarily 
always be single and mesial behind the premaxillary bone, but anteriorly 
it may run on one or both sides of the premaxilla. 

A condition of median hare-lip in man has been described, but it is 
*so rare that it is not necessary for us to discuss its method of formation. 

Under the terms Maeroglossia and Macrocheilia, congenital enlarge- 
ments of the tongue and of the lips respectively are usually described. 
Maeroglossia, or enlargement of the tongue, may occur in AcromTegaly, 
the enlargement being due partly to the thickening of the mucous mem- 
brane, and partly to the increase of the inter-muscular cellular tissue. 
Lymi^iiangiomatous enlargement, due to distension of the lymphatic 
with subsequent thickening and induration of the lingual tissue, 
perhaps the most Ufual form of maeroglossia. Muscular enlargement, 
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due to an increase in the number and size of the muscular fibres, has 
been described in cretins and congenital idiots. 

In Lymphatism, the papillse and lymphoid tissue at the root of the 
tongue are often considerably hypertrophied, a point of some importance 
in the diagnosis of the condition during Ufc. 

Abnormal fixation of the tongue — Ankyloglossia— may be due to 
imperfect development of the tongue or to a sliort and adherent frsenum. 

DEGENERATIONS 

Waxy or amyloid degeneration has been described as occurring in the 
tongue, and fatty changes are seen in wasting diseases ; but both con- 
ditions are unimportant. In myxeedema, the degenerative changes are 
usually well marked in the tongue. 

ATROPHY of the tongue may occur in association with degenerative 
changes in the nucleus of the hypogloSsal nerv(\ as in t)ull)ar ])aralysis. 

INFLAMMATION 

Inflammation of the mucous membrane of the mouth (stomatitis) 
may occur in varying degrees. 

(a) CATARRH . — This condition occurs in acut(' fevers, e.g, typhus, 
typhoid, and scarlet fevers, etc., and it also arises from the irritation of 
carious teeth and similar causes. The mucous nK inbiane becomes red 
and swollen, and there is a great increase in the des(juamation of the 
surface epithelium, and also in lym])h-transu(la1ion and leucocyte-emigra- 
tion. The desquamated epithelium becomes mixed with the I'xuded fluid 
and the leucocytes, and a thick layiT may gather, especially upon the 
tongue — ‘‘Furred tongue.” In tins “fur,” various bacteria, mostly 
normal iiihabitants of the moutli, are found in large numbers.^ Fnv 
qiiently, the inflammatory process specially alTect.s the mucous glands, 
so that prominent nodules or even vesicles are ffumed. This condition of 
follicular stomatitis may lead, by rupture of the vesicles, to follicular 
ulceration. ^ 

(b) APHTHOUS STOMATITIS (Thrush) occurs principally in young 
and unhealthy children, but may also attack weakened adults. QIjc 
condition is due to the presence of a fungus — albicans or 
Saccharomyces albicans — and is distinguished by t})e presence on the 
mucous membrane, especially of the lower lips and gums, of irregular, 
opaque, whitish areas. These patches are more or less adherent, and ar6 
composed of masses of desquamated epitbehum united by branching 
threads, consisting of the elongated cells and spores of the fungus, 

(c) GANGRENOUS STOMATITIS (Noma or Cancrum oris) affects fhe 
mucous membrane of the cheeks in badly-nourished children, especially 

^ An extraordinary degree of hyperplasia of the filiform lingual papillae (up to 
half-an-inch in length) h^^een observed by Carnegie Dickson, in a case of mycosis 
of the tongue, the organism associated with the condition being Ehizopua niger* The 
glossitis, in this case, was characterised by marked hyperkeratosis of the ijapillary 
filaments, and by blackish pigmentation — Melanoglossla. 
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in those recovering from some severe illness, such as measles or scarlet 
fever. At first, there is seen on the outer surface of the cheek a difiuse 
swelhng — ^firm and red, with, as a rule, a darker centre. The inner side 
of the cheek shews an intense inflammatory reaction, with, usually, a 
central irregular ulcer, at the base of which there is a dark sloughing mass. 
The condition spreads extremely rapidly, with extension to, and necrosis 
of, all the tissues of the cheeks and lips. It commonly involves the gums 
also, and even necrosis of the jaw may result. The advancing edge is 
always intensely red, and shews all the usual phenomena of inflammatory 
reaction in a very marked degree. Pseudo-diphtheria bacilli, B. fusi- 
formis, various spirochaetes, Leptothrix-like organisms, strepto bacilli, and 
other bacteria, have been found in the necrosed and necrosing tissue ; but 
the specific pathogenetic rclationsliip of any one of these to the disease 
has not been established. 

(d) Other forms of STOMATITIS may occur, giving rise to necrotic 
and ulcerative changes. In smallpox, the vesicles which form in the mouth 
may rupture and give rise to ulcers. In scurvy, the spongy swelling of 
the gums may result in ulceration round, and loosening of, the teeth, or 
even in necrosis of the bones of the jaw. In the severe form of stomatitis 
due to the prolonged absorption of mercury, there is always associated 
pyorrhoea, the mucous membrane of the gums and cheeks becomes very 
much swollen, the teeth may become loo.-’ened and drop out, and ulceration 
of the gums frequently follows. 

INFLAMMATION OF THE TONGUE OR GLOSSITIS (see also under 
Catarrh, p. 735), most commonly occurs as a result of injury from without ; 
but it may be produced by the irritation of carious teeth, or by the exten- 
sion of a neighbouring erysipelatous area. The whole organ becomes 
swollen, and the tissues are infiltrated with inflammatory products, but 
suppuration very rarely occurs. The condition sometimes persists and 
assumes a chronic form, bluish-white, pearly patches — ^which may be 
smooth or warty, and which are due to a hyperplasia of the epithelium, 
with usually some evidence of chronic inflammatory change in the deeper 
tissues — appearing on the tongue. To this condition , various names, such 
as Leucoplalda, Keratosis, Psoriasis, Tylosis, Ichthyosis, etc., have been 
given. According to Hunter, glossitis is a common precursor of pernicious 
anaemia. 


GRANULOMATA 

(a) SYPHILIS presents itself in various forms in the mouth. The 
lesions are frequently secondary, but the primary chancre may occur 
in this situation, especially on the hps. Of the secondary lesions, the 
commonest are the mucous patches, flat condylomata, or warts, which 
frequently break down to form superficial ulcerij. Gummata, if deeply 
situated, may give rise to extensive necrosis and ulceration, with con- 
l^^ble loss of substance of the tongue and neighbouring parts. The 
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healing of these deep ulcers gives rise to large areas of cicatrisation, 
which may lead to defonnity of the tongue. 

(6) TUBERCULOSIS is comparatively uncommon in the mouth, 
and is usually secondary to affections of the pharynx or larynx, or to 
pulmonary tuberculosis. The ulceration, which sometimes simulates very 
closely epithelioma, usually occurs on the dorsum or at the margins 
of the tongue; but tuberculous nodules may also be found at its root. 
Small nodular masses are formed, which undergo caseation, and in 
some cases ulceration, “ Tuberculous papillomata ” have been described, 
hut these are usually masses of granulation tissue formed in connection 
with fissures of the tongue, and subsequently infected with B. tuberculosis. 
Lupus of the face may spread so as to involve the mouth. 

(c) LEPROSY.— -Nodular masses of gran illation -tissue, similar to those 
found in the skin, occur in the mucous membi*anes of the mouth 
and tongue. 

(d) ACTINOMYCOSIS and other mycotic infections may invade the 
tongue {see p. 240, General Patholof/j / ; arul note on p. 735). 

TUMOURS AND CYSTS 

Simple tumours, such as fibromas, lipomas, myxomas, chondromas, 
and papillomas, occur in the submucous tissue of the mouth or tongue. 
Angiomas, composed both of blood-vessels (Tlsematigiomas) and of 
lymphatic vessels (Lymphangiomas), are found on the tongue and lips. 



Fig. 339 . — Squamous Epithelionm of Lip. Showing ulceration of the irregular warty-looking 

tumour, with raised indurated edges. (Kdinburgh University Anatomical Museum. 

Catalogue No., T. C. a. 6.) 

Sarcomas are rare, unless they have extended from other parts, e,g, 
a myeloid sarcoma, growing from the jaw, may form a projecting mass 
in the mouth. Carcinomas are the most important tumours of the mouth. 
They are very common, and are generally epitheliomas of squamous- 
celled type, their most frequent sites being the lower lip and the tongue 
{see fig. 339). 

Cystic formation, due to the bloclring of the ducts of mucous glands, 
occurs upon the tongue and the lips, and one form (Rannla), due to 
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closure and distension of the duct of a mucous gland, or of the subiu&xillBry 
or sublingual glands, occurs beneath the tongue (see pp. 344 and 744). 
Dermoid cysts due to developmental irregularities in the obliteration of 
branchial clefts, etc., may occur. 

DISEASES OF THE TEETH 

Only the v(‘Ty briefest reference need here be made to some of the 
commoner affections of the teeth. 

1. Caries of the teetli consists in the gradual solution of the lime-salts,* 
with softening and disintegration of the enamel and the dentine, and the 
formation of a somewhat granular, brown or brownish-black detritus. In 
this degenerated material, numerous spirochsetes, Leftothrix filaments and 
other bacteria are found, and arc considered by some authorities as causal. 
The bacteria ])robably act by producing acids, which attack thinned or fissured 
portions of the enamel. The destructive ])rocosses may penetrate to the pulp 
of the teeth, and there set up inflammation and supjiuration, producing, 
secondarily, alveolar abscesses (gumboils), or ev(m necrosis of the jaw. In- 
flammation, suppuration, and abscess-formation in the gums, may occur 
independently of dcmtal caries. 

2. Congenital Syphilis gives rise to the characteristic “ Hutchinson’s teeth.’’ 
The upper central incisors arc narrow and pointed (peg-shaped), the cutting 
edge being smaller than the base of the crown, and having on it a well-marked 
crescentic notch. 

3. Tumours and Cysts. — 'The ccment-substancc occasionally shews a 
hypertrophic condition, sometimes described as an exostosis or osteoma. 
It is really the result of chronic iriflai amatory changes, and not a true tumour. 
Odontoma is the nanic given to a tumour which arises, as a result of mal- 
developincnt, from teeth retained in the alveoli. It is coni2)osod of dentine 
and enamel. 

Dentigerous Cysts arc produced by dilatation of tin* dental follicles. These 
sometimes reach a large size. 

DISEASES OF THE JAW 

INFLAMMATION 

Diffuse periostitis may follow an injury, the irritatifm of a dental 
plate, sepsis or caries of the teeth, prolonged exposure to the fumes of 
yellow phosphorus, or the administration of mercury, and it is sometimes 
a sequel of some of the acute infective diseases. More commonly, how- 
ever, the inflammatory condition is localised, forming an acute alveolar 
abscess or a more chronic condition, such as pyorrhoea alveolaris. In the 
foimer condition, the infective agent generally gains entrance through a 
carious area in a tooth, and, spreading to the pulp, infects the deeper 
parts of the socket. The cement may become detached from the peri- 
osteum, the pus raising up the tissues and forming an abscess outside the 
bone, and, eventually, passing out through the gum on a level with the 
apex of the affected fang or between the gum and the neck of the tooth. 
More rarely, the opening is into the antrum, or externally, through the 
cheek. Pyorrhoea alveolaris is usuaUy at first confined to one or two 
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teeth, especially the lower incisors. It is also seen round crowned 
teeth. Later, unless treated, it tends to spread until all the teeth have 
become involved. There is usually marked congestion of the gums and 
some hsemorrhage* With ulceration and destruction of the periodontal 
membrane, the alveolar margin is gradually absorbed, and pockets 
are left between the teeth and the swollen gum, pus collects in these 
areas and eventually the teeth may be exposed from crowi\ to fang, 
and, if untreated, they gradually drop out. Various authors have 
attributed such diseases of the joints as osteo-arthritis, rheumatoid 
arthritis, etc., to the absorption of poisons from septic cojulitions of 
the gums and jaw, and, in the pyorrhma associated with those rheu- 
matic aficctioiis, a varying admixture of Strep/ ococci, SlreptobacilU, 
B. fusiformis, Spirochce/es, Leptothrix^ and other filamentous organ- 
isms, and other bacilli and cocci is usually present. In many eases, 
streptococci are the predominating organisms and their association 
with rheumatic affections is worthy of note. 

Inflammatory and necrotic changes due to Aclvnompces are found 
on the jaw. {See p. 241, General Ba/hologif,) 

NECROSIS 

This may result from the inflammatory conditions already noted, and 
usually starts as a periostitis. The lower jaw is more frecpiently and more 
severely attacked than the upper. Necrosis may be secondary to injury 
(especially to compound fracture), to some of the acute infective fevers 
such as measles, scarlet fever, typhoid fever or smallpox, to syphilis, 
to cancrum oris, or to the now comparatively uncommon conditions of 
mercury and phosphorus poisoning. In syphilis, the necrosis is sometimes 
very extensive, and the palatine process of the suj)erior maxilla is ex- 
tremely liable to be involved— the destmetive change extending to 
the soft palate and fauces. 

TUMOURS AND CYSTS 

Reference has already been made to tumours and cysts of the teeth. 
Of the tumours of the jaw, the most important are the sarcomas and 
carcinomas. The sarcomas are usually of the round- or sj)indlc-cejl(Ml 
variety, and commence from the periosteum of the jaw and also in the 
anterior or posterior wall of the antrum. The cancers may be squamous- 
celled growths taking origin in the gum or palate, or of columnar-celled 
type commencing in the glandular tissue of the nasal or antral cavities. 
Tumours of the lips or of the tongue may spread so as to involve the 
jaws. Of the simple tumours, epulis is the commonest. Myelomata, 
which by some authorities are still classed as giant-celled or myeloid 
sarcomas, are situated usually in the lower jaw. 

Chondromata, osteomata, and fibromata may be found. 
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DISEASES OF THE SOFT PALATE, PHARYNX, AND TONSILS 

DIVERTICULUM OF PHARYNX. — This condition is unusual. The 
pouch springs from the posterior wall of the pharynx, its orifice being 
situated opposite the cricoid cartilage. It is produced by a gradual 
cvagination of the mucous and the submucous coats of the pharynx 
between the two parts of the inferior constrictor muscle. The pouch 
is at first small, but gradually enlarges. The diverticulum may become 
filled with food, undergo further enlargement, and eventually come to* 
press upon and obstruct the oesophagus. 

INFLAMMATION 

Processes of an inflammatory nature are the commonest and most 
important pathological phenomena in the soft pala^te, pharynx and tonsils, 
and, when acute, are frequently described under the term angina. They 
differ very little from inflammatory changes elsewhere, their special 
characters depending largely on the looseness of the structures and the 
presence, in this region, of a large amount of lymphatic tissue, which is 
distributed in the form of isolated rounded masses rc^sembling the solitary 
follicles of the intestine. Congestion and oDdematous swelling are usually 
marked features of such inflammation. 

(a) CATARRH, in its acute form, is generally the result of invasion 
by organisms, e. g. Stapliylo-, Slrepto-, and Pneumo-cocci, B, diphtherice 
and pseudo-dij)hiheriw, B, injkienzcc, M, caiarrlialis, etc. ; though it may 
be caused, or a suitable nidus for these organisms be prepared, by irrita- 
tion, c.g. by hot liquids, chemicals, exposure to cold,_etc. It is parti- 
cularly common in acute infections — many of the infective diseases 
having, for their first sign, “ sore throat ” or pharyngitis. The mucous 
membrane becomes reddened and swollen, and, at a later period, is 
covered with a mucous exudate. Sometimes small vesicles may develop, 
^nd these, by their rupture, may lead to ulceration. 

{b) CHRONIC CATARRH may follow repeated acute attacks, and is 
of frequent occurrence in people who use the voice excessively, and in 
smokers. In the earlier stages, the mucous membrane is thickened; 
but, later, it may become induratexi and atrophic. “ Granular ” eleva- 
tions are frequently seen, these being either distended mucous glands or 
proliferated lymph-follicles. The term granular pharyngitis has been 
applied to this condition. 

(c) ACUTE PHLEGMONOUS PHARYNGITIS.— In this condition, 
the mucous membrane and the submucous tissues ate involved in an 
acute inflammation, which, later becomes suppurative. The soft palate, 
uvula, tonsils, and other adjacent structures, may be muth swollen, 
Ideeply congested, and oedematous. The oedema often extends to the 
■ loose structures of, and around, the epiglottis, and sometimes oedema 
glottidis may supervene. The disease is almost always bacterial in origin. 
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various* forms of Streptococci having been most frequently isolated from 
such cases. Other bacteria, however, may also produce the condition. 
Retropharyngeal abscess may follow, but this may also be a sequel of 
certain of the infective fevers, tuberculosis of the faucial or pharyngeal 
mucous membrane, tuberculous caries of the spine, or, in some cases, 
degenerative and suppurative changes in the retropharyngeal glands. 

{d) VINCENT’S ANGINA. — ^This is an acute inflammation of the 
pharynx and tonsils which may be characterised by the formation of a 
firm yellowish-white false membrane, very similar to that seen in diph- 
theria. All degrees of ulceration may occur. Tn some cases, it is merely 
superficial, whilst, in others, usually accompanied by extensive oedema, 
it may be the most prominent feature, and a soft, necrotic, foul- 
smelling membrane may be produced. 

Similar ulcerative and membranous conditions mav be found on the 



Fig. 340. — Vincent’s Angina. Fiiiu from exudate of ulcer on tonsil, shewing 
spirochaites, 13. fusiformis, etc. X 1000. 

cheeks, gums or palate, giving rise to necrotic inflammations, ulcerative 
stomatitis and noma. The association of B. fmiformis with this special 
type of inflammation was first recognised by Vincent. Spirgchceles 
are always present, and TunniclifEe regards these spirochsetes as stages 
in the development of the fusiform bacillus. This relationship is not 
proved. It has been frequently shewn that both B.fimformis and the 
spirochceies may be found in the secretions of the mouth in normal con- 
ditions, and may be present in considerable numbers in cases of true 
diphtheria. Similar organisms are found in catarrhal and other inflam- 
matory conditions of the mouth and fauces. They are often found in the 
tonsillar crypts, with or without inflammatory changes. 

(e) DIPHTHERIA usually begins in the mucous membrane of the 
tonsils, and may spread to the fauces, the uvula, the posterior wall of th^ 
pharynx, and to the nares, the larynx, and the trachea, and even, in rare 
instances, down the oesophagus. At first, the tissues of the fauces are 
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hypersemic and swollen. Later, greyish or yellowish spots, somewhat 
resembling wash-leather, make their appearance, and generally coalesce 
into a definite false membrane. The underlying tissues become infiltrated 
with inflammatory exudate, and, when the false membrane is removed, 
a raw, bleeding surface, with varying degrees of necrosis is seen. On 
microscopical examination, the false membrane is found to consist of 
necrotic mucous membrane and masses of fibrin, entangUng leucocytes 
and "generated epithelial cells. On the surface, there are accumulations 
of debris, containing large numbers of organisms, especially various kinds- 
of cocci, in addition to B, di'phiheruc itself. In the later stages of the 
disease, there may be extensive necrosis of the mucosa and submucosa. 
The causal organism is B. diphlhcriw. Associated with the inflammator}'^ 
reaction in the pharynx, there is frerpiently some enlargement of the 
lymphatic glands at the angle of the jaw and elsewhere in the neck. 
In some cases, this swelling may be very severe, and is generally associ- 
ated with the presence of Strepio- or Staphylo-cocci in these structures. 

(f) TONSILLITIS may be acute or chronic. In the acute form, the 
surface is usually marked Avith small whitish spots, which are produced 
by the degeneration of the opithchum in the lacunas or crypts of the 
tonsil. There is in addition, inflammatory swrelling of the tissues; 
and ulceration or suppuration may supervene in the tonsil itself, 
or, more frequently, in the alveolar tissue of the soft palate above the 
tonsil, giving rise to the peritonsillar abscess or quinsy. In the chronic 
form, the tonsils are, in most cases, enlarged, both from hypertrophy 
of the lymphatic follicles and from increase in the interstitial connective 
tissue. This chronic prohferative overgrowth is due to repeated acute or 
subacute attacks. Pressure on the lacuiue may cause obstruction and 
retention of the contents, which sometimes become inspissated, and even 
calcified. Tonsillar calculi so formed are usually small, but, in a recent 
case, seen by one of the authors, a calculus about the size of a wahiut 
was removed by operation. 

In association with this chronic enlargement of the tonsils, there is 
frequejitly proliferation of the lymphoid follicles of the pharynx. To 
this condition-- especially when occurring in the roof of the pharynx in 
young subjects — ^the term adenoid growths or adenoids has been given. 

GRANULOMATA 

SYPHILIS. — ^As in the mouth, mucous patches or condylomata may be 
present. In tlie tertiary stage, there may be necrosis and ulceration of the 
mucous membrane, etc., with or without the formation X)f gummata. This 
necrosis and ulceration may cause extensive destruction of the uvula and 
soft palate — often with perforation of the latter — ^and may be accom- 
panied by interstitial overgrowth and subsequent cicatricial contraction. 

TUBERCULOSIS. — Tuberculous ulceration in the pharynx is, with few 
exceptions, secondary to tuberculosis of the lungs or of the larynx; but 
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a tuberculous affection of the tonsils may occur as a primary condition, 
owing to invasion of the crypts by the bacilli, and is a comparatively 
common lesion, especially in children in certain districts. In tuber- 
culosis of the cervical and submaxillary lymphatic glands, it appears 
that the infective material frequently obtains eutra.nce by way of the 
tonsils, the small lymphatic gland lying immediately behind the angle 
of the jaw, through which the lymph-return from the tonsils takes place, 
being, as a rule, the first to become affected (Dowden). 

TUMOURS. — Sarcomata, which often commence as polypi, are found 
in the naso-pharynx ; and the tonsils may be the seat of lympho- and 
of mixed-cell sarcomata. 

Squamous epithelioma may occur in the tonsil and also in the region 
of the epiglottis, but is almost always a secondary involvemejit. 

Endotheliomas in the naso-pharynx and in the tonsils have been 
described. 

DISEASES OF THE SALIVARY GLANDS 

INFLAMMATION 

Of these organs, the parotid gland is the most frequent scat of patho- 
logical change. Inflammation of the gland (parotitis) may be an inde- 
pendent infection (acute infective parotitis, or mumps), or it may be 
secondary to such infectious diseases as typhoid or typhus fever, etc. 
The gland becomes swollen and very tense. In the primary aifcction, 
suppuration very rarely occurs ; but it is not infrequent in the secondary 
conditions, which are generally caused by infection from the mouth. 
The specific organism of mumps is not definitely kn()wn, but several 
observers have isolated a diplococcus which they consider causal. A 
lymphocytosis s('ems to be a constant feature of the cerebro-spinal 
fluid, and meningitis or meningeal irritation is not infrequent. Acute 
orchitis, ovaritis, and mastitis, and also, it is said, pancreatitis, are occa- 
sional compheations of mumps. Abscess formation in the parotid 
sometimes supervenes in pyaemia. 

Intense inflammatory reaction (Angina Ludovici), often with abscess 
formation, occurs occasionally in the floor of the mouth, and in the 
tissues round the submaxiUary gland, e.g. in cases of scarlet fever. A 
similar condition sometimes results from the spread of carious and 
suppurative processes at the roots of the teeth. 

SALIVARY CALCULI are commoner in the subniaxillary and sub- 
lingual glands than in the parotid. They are usually produced by a 
deposit of lime-salts in the thick mucous secretion and desquamated cells 
following inflammation of the ducts, and are generally single, but may 
be multiple. Such calculi may be formed in the ducts either within, or 
external to, these glands, 

GRANULOMATA. — ^Tuberculosis, Syphilis, and Actinomycosis are rare 
in the salivary glands, but cases of each have been recorded. 
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MICKULICZ’S DISEASE. — In this condition, there is a symmetrical 
enlargement of the saUvary and lachyrmal glands — ^and, in some cases, 
of the labial and buccal mucous glands. The enlargement begins in 
early adult life and is progressive, ^ome authors regard it as a 
granuloma, while others consider it lymphadenomatous. No relationship 
to syphilis or tuberculosis has been demonstrated. 

TUMOURS AND CYSTS 

Cystic dilatation of the salivary ducts, someSlimes with the presence 
of concretions or calculi in the ducts, is seen giving rise to oval ’nr 
rounded swellings containing somewhat viscid fluid {r;ee pp. 344 and 737). 
Tumours are rare, but fibromata, lipomata, hmmo- and lymph-angiomata, 
and chondromata are found. The commonest tumour in the parotid gland 
is one which is composed of a mixture of adenomatous tissue and cartil- 
age in which myxomatous degeneration is very liable to take place- -the 
so-called myxo-chondro-adenoma. Similar tumours may also be found 
in other salivary glands. Sarcomata and carcinomata occur. 

DISEASES OF THE (ESOPHAGUS 

DEVELOPMENTAL ABNORMALITIES, MALFORMATIONS, etc. : - 

« Communication of the oesophagus and trachea.— -The lower part 
of the oesophagus may spring from th'^ posterior wall of the trachea 
and may not be connected v/it h the upper part of the gullet, which, in 
such cases, ends blindly at a point some distance above the bifurcation 
of the trachea. The opening of the trachea into the lower part of the 
• oesophagus is usually about the junction of the upper three-fourths with 
the lower fourth. The condition is incompatible with life, and is due to 
a mal-development of the septum between the oesophagus and trachea. 

An anterior diverticulum of the oesophagus is sometimes found near 
the bifurcation of the trachea, opposite the site of the bronchial glands. 
Such diverticula are usually small and conical, and, according to some 
WTiters, they are caused by traction on the oesophagus by adhesions which 
are formed between it and diseased bronchial glands. Ulceration and 
perforation may supervene, giving rise to septic infection of the pleura, 
pericardium, or lungs. 

Dilatation of the oesophagus, generally towards its lower part, gives, in 
extreme cases, the appearance of the presence of an accessory stomach. 
In some instances, this seems to be a congenital condition due to hyper- 
trophic stenosis of the lower oesophageal spliincter.^ A considerable 
decree of dilatation of the oesophagus, especially in its lower half or 
two-thirds, is usually found in cases of congenital pyloric stenosis, and 
is, as a rule, combined with weU-marked hypertrophy of the wall. 
General dilatation of the oesophagus may occur in cases of stricture of 
the cardiac orifice of the stomach, e. g. from tumours or other causes. 

See footnote, p, 748. 
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CIRCULATORY DISTURBANCES 

CHRONIC VENOUS CONGESTION of the mucous membrane is 
found ill diseases of the heart or lungs, or in cases of cirrhosis of the liver. 

In the latter condition, owing to obstruction of tlie circulation through 
the portal vein, the oesophageal veins at tlie lower end of the tube become 
varicose, and the mucous membrane over these varicosities may undergo 
ulceration. The ulcers are usually small and terraced, and they sometimes 
open into the veins and give rise to serious, and even to fatal, hsemorrhage. 

INFLAMMATORY and NECROTIC CONDITIONS 

<* 

Inflammatory changes of a more or less severe character, with necrosis 
of the mucous membrane, may result from the ingestion of corrosive acid 
or alkaline liquids, from scalding, or from the impaction of foreign bodies, 
such as tooth-plates, bones, etc., in adults, and safety-pins, coins, tlie 
bone-plates of babies’ teats, etc., in children. In these cases, ulceration 
and perforation, giving rise to abscess-formation, celluhtis, pleurisy, or 
empyema, may supervene. Ulceration is sometijnes found in cases 
where the cause is as yet uiiknown. Pringle and Teacher ^ report 
several cases of post-operative hsematemesis, in which lesions, varying 
from superficial erosion of the interior of the (esophagus to perforation 
or wide-spread destruction of the tube and damage to adjacent 
structures, were found. TJicy state that: ‘‘the vital nature of the 
condition is shewn by the presence of haemorrhages into the oesophageal 
wall, lungs and pleurae,” and that, in one case, “inflammatory action 
was observed in the lungs and pleural sacs.” They conclude that 
digestion of the (esophagus may occur during life and be one cause of 
post-operative haematemesis. If there has been severe damage, with con- 
siderable loss of substance, during the inflammatory or ulcerative process, 
cicatricial contraction, producing stenosis, may be a result of the excessive 
reparative processes in the damaged area. Thus, one or more localised 
fibrous strictures may be formed. 

POST-MORTEM DIGESTION of the lower end of the oesophagus is 
very common, and all degrees of change, from superficial erosion of the 
lining cells to actual perforation, are seen. The absence of inflammatory 
reaction in this condition serves to differentiate it from pathological 
changes produced during life. 

STENOSIS of the oesophagus, resulting from the cicatricial strictures, 
has been referred to above. Contraction of the up2)er end of the oesophagus 
may also be* due to a special tonicity of the upper sphincter; or to a 
fibrous replacement of the muscle-fibres in that sphincter, and a definite 
fibrous stricture may be present. Congenital stenosis of the mid-part 
of the oesophagus — from the bifurcation of the trachea to within one 
or two centimetres of the diaphragm — has been described. Stenosis 
is sometimes due to pressure by aneurism. Malignant stricture 
1 Pringle and Teacher, British Journal of Surgery, Vol. VI., No. 24. 1919, 
pp. 524 ei seq. 



746 


SPECIAL PATHOLOGY 


will be dealt with under tumours of the oesophagus, as will also the 
secondary phenomena produced in the oesophagus itself by such 
constrictions. In many cases in which there has been marked clinical 
evidence of obstruction during life, little or no narrowing of the 
oesophagus is found after death. Such cases are due to irritative muscu- 
lar spasm, or, in some instances, the phenomena have been of purely 
nervous origin. " 

TUMOURS 

The occurrence of fibromas, lipomas, aTid myomas has been described, 
but these tumours are all very rare. Papillomas are commoner. 

The most important tumour of the oesophagus, however, is carcinoma. 
The growth is, in nearly all cases, a squamous-celled epithelioma. A 
tumour of this nature may occur in the pharynx or in any part of the 
oesophagus, and, though its most usual situation is the upper third, it 
is almost as oft(ni found in the middle third, where the left bronchus 
crosses the oesoj7hagus. Starling at one point, it spreads circularly round 
the wall oi the tube, the growth being localised, or spreading widely, and 
infiltrating first the mucous and submucous coats, and, later, invading 
the deeper parts. Dilatation of the tube, with hypertrophy of its wall, 
may occur above the tumour, if obstruction is present; but, even 
with comparatively large, projecting tumours, there may sometimes be 
little or no obstruction. In some cases In which the opposite wall of the 
CBsophagus lies in contact with the tumour, “contact” epitheliomata 
develop. Ulceration may take place, and communication between 
the oesophagus and the surrounding parts be established. The glands 
in the neighbourhood may be secondarily infected, and, occasionally, 
small metastases are found in the pericardium. 

Glandular carcinomata and also sarcomata, are extremely rare as 
primary growths; but the extension of a tumour from the stomach, 
coming to involve the oesophagus, is not uncommon, 

DISEASES OF THE STOMACH 

In studying diseases of the stomach, it is important to remember 
that interference with its normal structure will cause derangement of its 
function, and that this ^vill aggravate the pathological condition which 
is present. Thus, any disease of the stomach will interfere with the 
function of the gastric glands, and the contained food will remain imper- 
fectly digested, and will undergo decomposition-changes. The products 
of such decomposition — acetic, lactic, butyric acid, etc. — cause further 
irritation of the mucous membrane, and the gases formed during the pro- 
cess produce distension of the viscus and interference with its peristalsis. 

POST-MORTEM CHANGES 

Decomposition-changes in the food-contents of the stomach occur 
very soon after death; and the decomposition-products, acting on the 
mucous membrane, cause it to assume a reddish or greenish colour, 
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which, later, becomes slaty-blue or almost black, owing to chemical altera- 
tions ill the blood-pigment. Thus, vascular and other changes which 
may have been present during life are often obscured. 

In some cases in which death has taken place while the processes of 
digestion are proceeding, or while the secretion of gastric juice is active, 
digestion of the coats of the stomach itself is observed. In this 
condition of post-mortem digestion or cadaveric softening, the mucous 
membrane becomes swollen, softened, and digested away, and the muscular 
and peritoneal coats may become perforated. This jmt-mortem change 
is, as a rule, found in the neighbourhood of the fundus, generally on the 
posterior wall iiear the cardiac end — that is, in the situation on which 
the stomach contents lie when the body is in the dorsal position. The 
softened area is frequently extensive, its edgevs arc usually much thinned — 
sometimes resembling tissue-paper — and ma}' be shred-like, and there 
is no evidence of any inflanimatory action in the neighbourliood . The 
stomach-cont(mts arc sometimes found free in the peritoneal cavity. 
The condition is differentiated from ante-mortem perforation or rupture of 
the stomach by the absence of peritonitis, and of any thickening or inflam- 
mation at the margin of the perforation, but it must always be remembered 
that 'post-mortem digestion may be suptuhtiposed on actual pathological 
conditions and give anomalous appearances. 

MALFORMATIONS :~ 

(а) HOUR-GLASS CONTRACTION of the stomach is a moderately 
comnu/n condition, the contraction being situated usually about the 
middle of the organ. There is no doubt that, in tlie majority of cases, 
this is due to chronic inflammatory and cicatricial changes following 
ulceration, or to infiltration and contraction produced by carcinomatous 
tumours. More rarely, it is caused by the contractio]i of peritonitic 
thickening or adhesions on the outer wall of the organ. There are, 
however, cases in which the condition is apparently due to the permanent 
contraction of the so-called mid-gastric sphincter, which, according to 
various observers, is usually only active during digestion, and marks the 
boundary between the cardiac and pyloric portions of the stomach. 

The condition of hour-glass contraction of the stomach should be 
carefully difEcrentiated from stricture in the duodenum with dilatation 
of its first part. 

(б) ATRESIA, or complete closure of the pylorus is rare, but 
CONGENITAL HYPERTROPHIC PYLORIC STENOSIS is iiot uncommon. 
In this latter condition, wliich occurs especially in very young children 
— ^though it may also persist in adults — ^there is marked hypertrophy of 
the muscular layer, particularly of the circular-fibres of the pylorus, and 
there is usually associated dilatation and hypertrophy of the oesophagus, 
especially towards its lower part. Hypertrophy of the cardia^ (with 

^ Proceedings of the Boyal Society of Medicine, Vol. XIII, No. 6, March, 1920, 

p. 43. 
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dilatation of the cesophagus above it), and of the ileo-ceecal sphincter, 
has also been described as occurring in some cases, in association with 
congenital pyloric stenosis, as well as independently of that condition. 
Various explanations of these localised hypertrophies of the gastro- 
intestinal sphincters have been suggested, such as inco-ordination from 
abnormalities of innervation, etc., and some recent writers (Pirie, Tyrrell 
Gray, and others) are of opinion that the condition may be due to 
hyperadrenalism, cither on the part of the child itself, or of the mother.^ 

MALPOSITIONS:— 

ANTERIOR DISPLACEMENT on account of defects in the anterior 
abdominal wall may occur. DOWNWARD DISPLACEMENT or GASTRO- 
PTOSIS is commoner, and may be congenital, or the result of dilata- 
tion of the stomach, or of traction on it by inflammatory adhesions. 
In cases with TRANSPOSITION OF THE VISCERA, the stomach may 
have its position reversed, the cardiac end of the organ being towards 
the right side {see fig. 341). 

CIRCULATORY DISTURBANCES 

{(£) ACUTE CONGESTION is seen as an early stage of inflammation 
of tlie mucous membrane, or it may be transitory 

{b) CHRONIC VENOUS CONGESTION or PASSIVE HYPERiEMIA, 
as a 'post-mortem phenomenon, is comparatively common. This con- 
dition may arise secondarily to obstructive disease of the heart, but 
especially as a result of obstruction of the portal circulation by cirrhosis 
and other diseases of the liver. The mucous membrane is reddened and 
oedematous, and minute haemorrhages arc frequently found in the 
submucous tissues. Over tln^se haemoTrhages, the mucous membrane 
generally becomes eroded, possibly by being digested by the gastric juice, 
and small ulcers — hsemorrhagic erosions — being produced. These haemo- 
rrhages and erosions may be present in considerable numbers, especially 
towards the pyloric end. After healing, they may be represented by 
small areas of atrophy. Chronic catarrhal changes are usually also 
present in such ^ases. 

(c) HEMORRHAGES in or from the mucous membrane arise 

1 Tyrrell Gray, “Discussion on Hypertrophic Pyloric Stenosis with Associated 
Hypertrophies,” Royal SocAeiy of Medicine Transactions^ Children’s Section, 
Vol. XIIL, No. 5, March 1920, p. 37. “ As to why other parts of the bowel have 
not hypertrophied, the exj^hmation is a simple one : the sympathetic supply to 
the intestine is inhibitt>ry to circular muscle, and Elliott has shewn that reversed 
innervation takes place in the sphincter areas in the intestine. Any stimulus, 
therefore, which inhibits the bowel muscle will cause a concurrent spasm of the 
sphincter areas. Sympathetic nerve endings in involuntary muscle are acted on 
by both nerve stimuli and suprarenal iiormone. Hence hyperadrenalism would 
inhibit the contraction of the circular muscle except at the sphincters, when spasm 
would result. ... I do not see how true hypertrophy could occur except by over- 
action, and there must be some general ckuse which produces the over-action. 
No better explanation of such over-action has, I think, been offered than Dr. IWrie’s 
suggestion of hyperadienslisln.** l^rrrell Gray is also of opinion that minor degrees 
of pyloric hypertrophy often occur undetected 
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from a variety of causes. Simple gastric ulcers, or cancerous infiltra- 
tion, by invading and opening into vessels, may give rise to any 
degree of bleeding, from general oozing of blood up to very severe 
haemorrhages. In acute yellow atrophy of the liver (acute liver- 
atrophy), purpura, scurvy, septicaemia, haemophilia, and some of the 
acute fevers, e,g, yellow fever and typhus: in chloroform- and pljos- 
phorus-poisoning, and in severe forms "of anamia and other ‘‘ blood - 
diseases,’’ haemorrhage results, probably from fatty or other degenera- 
tive changes in the vascular endothelium, with subsequent rupf.ure 



Fig. 341 . — Transposition of Viscera, Not© apox of heart on tho right side, stomach on 
the right side, tho caecum and appendix aro transposed to tho left sido. Not© also 
the double thumb on tho right hand. (From a case of the late Sir Thomas R. Fraser.) 

of minute vessels. In certain forms of cardiac disease, and in cirrhosis 
of the liver, rupture of the distended veins, or ulceration over and 
extending into them, may lead to haemorrhage. In the condition 
known as Gastrostaxis, there is said to be an oozing of blood from the 
mucous membrane of the stomach, not only in the absence of any ulcera- 
tion of that organ, but also in the'^ absence of any other disease in which 
bleeding is likely to occur. We have not encountered any such case in 
the post-mortem room, and a very careful examination of the whole 
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mucous membrane would require to be made before a diagnosis of 
gastrostaxis could be established. 

Except in cases where an ulcer has opened into a comparatively large 
vessel, in which case pure blood may be vomited, the escaped blood 
becomes mixed with the contents of the stomach, is dark brown or almost 
black in colour, and is vomited in a seini-digosted condition coffee- 
ground vomit 

INFLAMMATION (GASTRITIS) 

On account of the stomach being so much exposed to irritation, 
gastritis, in varying degree, is very common. The acute form is apt to 
occur in connection with many of the acute infective fevers, from the 
swallowing of irritant poisons, or even after mere exposure to cold ; or 
it may be due to surfeit, or the ingestion of irritating and indigestible 
foods. If the condition is severe, the mucous membrane becomes swollen, 
reddened, and softened, and shews minute haunoirhages, or even haemo- 
rrhagic erosions, especially tow^ards the pyloric end. It is covered with 
viscid, tenacious, and perhaps blood-stained, mucus. When due to the 
ingestion of irritant poisons, the inflanmiatoiy reaction is most marked 
along the prominent parts of the ruga?, or where the stomach-walls are 
in contact with one another. The mucous membrane is discoloured, 
nitric acid giving a green, sulphuric acid i black, and carbolic acid a dark 
brown colour. Necrosis ma\ occur and lead to perforation of the stomach ; 
or there may be swelling, hsemorrhage and membranous inflanimation 
with ulceration. These conditions are often wx^ll marked in cases in 
which large doses of arsenic or mercuric bichloride have been taken by 
the mouth . 

(a) PHLEGMONOUS or DIFFUSE SUPPURATIVE GASTRITIS is not 

of frequent occurrence. In it there is intense redness and swelling of 
the mucous membrane, due to acute inflammatory changes, wdiich 
terminate in a diffuse infiltration of the mucous and submucous tissues 
with pus. Sometimes, minute abscesses form, and these may rupture 
into the cavity of the stomach. The conditioji may start from an 
ulcer, but, as a rule, its origin is obscure. It is generally associated 
with the presence of one of the varieties of Streptococci. 

(b) CHRONIC CATARRH very frequently results from repeated acute 
attacks, or it may be due to improper feeding. It is a usual sequel of 
chronic venous congestion and other diseased conditums of the stomach, 
and, in many cases, is caused by the swallowing, over prolonged 
periods, of infective material from the nose, mouth, or throat. 

The stomach is usually more or less dilated. There is general thicken- 
ing of the mucous membrane, and towards the pyloric end this thickening 
is often very irregular, and the surface may present a mammillated, 
or. even a warty, app^?arance. The mucous membrane is reddened 
and hypereemic, and usually shews irregular, pigmented patches of a 
slaty-blue colour — this pigmentation being caused by changes produced 
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in the blood in the hsemorrhagic areas. Covering the mucous membrane, 
there is usually an excess of viscid mucus. If the catarrhal condition is 
prolonged, there generally occurs a new formation of connective tissue, 
together with atrophy of the various glandular structures. The over- 
growth of connective tissue causes obstruction of the orifices of the ducts, 
and the production of small cysts. There is frequently hypertrophy of 
the muscular coat. From the stagnation and decomposition of the gastric 
contents, various general toxic phenomena are produced, amongst the 
rarest of which ma}'^ be noted the occurrence of gastric tetany.^ 

' ULCERATION OF THE STOMACH 

1. FOLLICULAR ULCERS, from to J-inch in diameter, are 
frequently seen in chronic gastric catarrh, especially in alcoholic subjects, 
and also in phosphorus-poisoning. They are usually shallow, and at 
first have undermined edges. Several of them may coalesce, forming 
an irregular ulcer which is often described as the alcoholic ulcer. On 
healing, this may leave a puckered scar. 

2. ACUTE ULCER. Acute ulcers of the stomach, apart from the 
small follicular ulcers already described, are not common, but several 
observers have described cases where, at the post-morlern examination, 
numerous acute ulcers were found scattered widely over the mucous 
membrane. They are usually superficial— the base of the ulcer being 
the deeper part of the mucous membrane. The tissues in the immediate 
neighbourhood may shew polymorphonuclear leucocytic infiltration. 

3. SIMPLE GASTRIC OR PEPTIC ULCER. -Tliis form of ulcer is 
common, especially in young women, and is caused probably by the 
direct action of the gastric juice on a part of the stomach-wall which 
has been damaged. Various hypotheses have been put forward to account 
for the production of this damage. Thrombosis of one or more of the 
small arteries may account for some of the ulcers. Bolton has brought 
forward much evidence in favour of the view that the destruction of tissue 
iscaused by the action of the gastric juice on areas of the mucous membrane 
which have been damaged by toxins circulating in the blood. There is 
abundant evidence that acute ulcers are developed during the course of 
infective disease, and experimental evidence also shews that the ulcers 
are acute and that healing takes place rapidly. There is no doubt that 
certain substances introduced in excess with the food may also act as 
protoplasmic poisons. Motor insufficiency, i, e. inability of the stomach 
to get rid of its contents in normal fashion, delays the heahng of the 
ulcers, and this delay means a continuance of the irritation which causes 
thickening at the base of the ulcer and less complete regeneration of 
the gastric glands. Such motor insufficiency is certainly present in 
many of these cases in which gastric ulcer is found, and the view put 
forward by Bolton seems a very reasonable one. As he points out, if 

^ See Carnegie Dickson, “ Gastric Dilatation and Tetany,” The Practitioner, 
Vol. LXX., No. 1, January 1903, p. 44. 
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this motor insufficiency is lessened or removed by gastro-enterostomy, 
even chronic ulcers tend to heal. Further, it has been shewn by various 
observers” that the ulcers which form in the jejunum after gastro- 
enterostomy occur in cases where the opening into the jejunum is 
too small or has become stenosed, or in cases where there has been 
obstruction by twists, etc. Hyperacidity of the stomach-contents may 
play some part in the production of these ulcers, but of itself is not 
sufficient to cause them, as has been shewn experimentally by Urekie. 
There must be, in addition, some injury to the mucous membrane, and 
this may be produced by irritant foods. In Turck’s experiments, medhan- i 
ical and chemical irritation failed to produce ulcers, but he was able to! 

] 



Fio. 342 . — Simple Ular of ihe Stomach, Shewinf]; thfi terracotl appearance and oval shape. 
There is perforation into the splenic vein. (A rod is ])laco(l in the vein.) (Edinburgh 
University Anatomical Museum. C^ataloguo No., Al. J). d. 3.) 

produce them by feeding dogs with B. coU. He says : “ The factors 
concerned in the production and persistence of ulcer of the stomach 
and duodenum appear from the experiments to indicate a dual condition : 
there seems to be some toxic condition produced, which overcomes natural 
resistance, resulting in cytolysis, and possibly some chemical substance 
formed witliin the alimentary tract, which, when absorbed, may neutralise 
the protective bodies in the blood and tissues, resulting in autocytolysis.^^ 
Rosenow^ states that “the ulcers produced by the injection of 
streptococci resemble those in man in location, in gross and microscopic 
appearance, and in that they tend to become chronic, to perforate and 
to cause a severe or fatal haemorrhage ” ; and he considers that the usual 
ulcer of the stomach and of the duodenum in man is primarily due to 
^ 1 Rosenow, Jour, Tnfeci, Diseases, 1916, xix. pp. 333-4. 
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a localised haBmatogenous infection of the mucous membrane by 
streptococci. 

A similar ulcer may occur in the first part of the duodenum 
(Duodenal ulcer), and in the jejunum, and, it is said, also in the lower 
part of the oesophagus. The commonest situation — i. e, in about sixty- 
five per cent, of the cases — ^is on the posterior wall of the stomach, on, 
or close to, the lesser curvature. The ulcer may also occur at the 
pylorus (twelve per cent.), on the anterior wall (eight per cent.) and 
on the cardia, the fundus and on the greater curvature. 

Characteristics of the Ulcer. — ^It is more or less oval or circular in 



Fia. Simple or Peptic Ulcer of Stomach. Section of the edge shewing 

the smooth floor, etc. X 6. 

shape, at first limited to the mucous membraTie and very sharply defined, 
the edges being slightly sloping or bevelled, and the floor at first smooth. 
There is usually little or no evidence of surrounding inflammation. The 
ulcer may spread acutely, but usually it tends to become chronic, and to 
extend more deeply into the submucous and muscular coats, the ulcer 
having a terraced appearance, wider on the inner or mucous surface of the 
stomach-wall, and— if perforation has taken place— narrowing, perhaps, 
to a minute orifice, through which communication with the peritoneal 
cavity or some of the abdominal organs may be estabhshed (fig. 342). 
The ulcers are usually single, but, in some instances, several are present. 


S 
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Effects ol the Ulcer 

(a) Haemorrhage.— Erosion into one of the branches of the coronary 
or other vessels of the stomach or into the splenic vein may take pl^ ; 
or tie rupture of n minute aneurism on one of the small gastnc vessels 
in the base of the ulcer may lead to severe, or even fatal, bsemortbage. 
In cases of erosion into the pancreas, the splenic artery may lose its 
support and an aneurism be developed on it, which may rupture and 
lead to fatal hsemorrhage. 



Pig. 344 . — Simple or Peptic Ulcer of Stomach, Section of base, shewing 
granulation- tissue which was densely infiltrated with eosinophil cells. X 75, 

(6) Perforation is commoner in ulcers of the duodenum than in those 
of the stomach, and, where, in the latter, rupture does take place, the 
ulcer is generally found in the anterior wall. Generally, the wall of 
the ulcerated stomach becomes more or less adherent to the liver or 
the pancreas, or, more rarely, to the spleen, the diaphragm, the colon, 
or the abdominal wall, and thus rupture into the peritoneal cavity is 
prevented. After adhesions have been formed, the ulcer may burrow 
into the various organs or tissues to which it is adherent, the eroded 
patiereatic br liver-tissue, etc., coming in this way to form the floor of the 
The oavitibs thus produced sometimes become the sites of septic 
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infection, and acute septicfleniia may be a later result. Perforation into 
the pleural cavity, into the lung or a bronchus, and into the pericardium 
is sometimes a sequel. 

fc) Stricture* — ^The ulcer, when situated at or near the pylorus, 
frequently leads to stricture, with partial, or sometimes almost complete, 
obstruction. When further from the pylorus, such constriction may 
produce the condition known as hour-glass contraction of the stomach 
(see p. 747)* Peristalsis is delayed, dilatation and perhaps a considerable 
degree of hypertrophy of the stomach above the constriction take place, 
whilst other ulcers form behind the constriction. 

(d) Healing of the Ulcer is a very usual occurrence, flat cicatrices 
being produced w^hich may lead to considerable contraction and pucker- 
ing of the surrounding stomach-wall. In the granulation -tissue at the 
base of such ulcers, numerous eosinophil cells are sometimes found 
(fig. 334). If the ulcers are near the pyloric riiig, the cicatricial contraction 
may, as already mentioned, lead to the production of marked stenosis. 

(<?) Cancer. — Many observers hold that cancer of the stomach results 
from, and commences at the site of, a chronic ulcer. It is difficult to 
establish this, but many cases of cancer have a definite history pointing 
to a previous chronic gastric ulcer. Wilson and MacCarty, at the Mayos’ 
clinic, examined 153 cases of cancer removed by operation, and state 
that 109 of these shewed naked-eye and microscopical evidence that 
carcinoma had developed from pre-existing ulcers. 

DILATATION AND HYPERTROPHY 

These conditions generally result from obstruction to the passage 
of food through the pylorus; but dilatation may also result from 
accumulation of gas derived from bacteria, etc., causing the putre- 
factive changes which are frequently associated with chronic gastritis — 
the inflammatory condition of the stomach no doubt aiding, by lessening 
peristalsis and weakening the muscular w'all. 

Acute dilatation is said to occur frequently after a severe shock. 
This so-called ‘‘ idiopathic dilatation ’’ is supposed to be due to an inter- 
ference with the nervous mechanism of the organ. An extremely 
important form of such acute dilatation is sometimes found following 
operations, especially those on the abdominal cavity. As a result of 
the dilatation,* the greater curvature is displaced downward, and 
sometimes the pylorus is depressed. 

The muscular wall of the stomach, in cases in which the pylorus is 
obstructed, undergoes hypertrophy, which is specially marked at the 
pyloric end, but may involve the whole organ and even the oesophagus, 
especially in infants wdth congenital hypertrophic pyloric stenosis. 

ATROPHY AND DEGENERATIONS 

Atrophy of the glands and gland-tubules is common in chronic 
gastritis ; and, in cases of obstruction in the oesophagus or at the cardiac 
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orifice of the stomach, atrophy may also occur. In starvation a,nd in 
wasting diseases, the stomach-wall may shew marked atrophic thinning. 

Fatty degeneration of the cells of the glands and gland-tubules, and of 
the vascular endothehum, results from acute or chronic poisonings, 
whether of an organic or inorganic nature. This condition is seen 
especially in phosphorus-poisoning, in septicaemia, and similar conditions. 



Fig. 345. — Encephaloid or Cancer at the cardiac end of tho Stomach immediately 
below the opening of the oetjophagus. (Edinburgh University Anatomical Museum. 
Catalogue No., Al. V. g. 1.) 

Waxy or Amyloid Degeneration is rarely found in the blood-vessels 
of the mucous and submucous coats of the stomach. 


GRANDLOMATA 

TUBERCULOSIS and SYPHILIS rarely produce any characteristic 
local lesions in the stomach, though in some cases of advanced pul- 
monary tuberculosis, especially in children, the occurrence of tuberculous 
ulceration of the stomach has been described. Ulceration, even with 
^foration, has been described as resulting from syphilis, but the more 
1 jg gitticture either at the pyloric or cardiac orifice. 
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TUMOURS 

Fibromas^ myomas, lipomas, and simple adenomas are occasionally 
found. Sarcomas are rare, and, when present, are generally of the 
small round-celled type, especially lympho-sarcornas. 

Carcinoma is the commonest and most important form of tumour of 
the stomach. It occurs generally in the later periods of life, and is 
commoner in the male than in the female. The most frequent sites are 
the pyloric end of the stomach and the lesser curvature, though it may 
develop at the cardiac orifice or at some area in the body of the organ. 
About sixty per cent, of tumours arc found at the pylorus or in its vicinity, 



Fio. 34G.—Canrer of the Stomach. A arge fungating mass growing from tho anterior 
wall and showing oxtonsivo ulceration. (Edinburgh University Anatomical Museum. 
Catalogue No., Al. 1). g. H.) 

twenty per cent, at or near the lesser curvature, ten per cent, at the 
cardiac orifice, and ten per cent, at other parts of the stomach-wall. 

The tumours are usually adenomatous in type, and frequently shew 
colloid or myxomatous degeneration. Those at or near the pylorus 
grow rather slowly, and, during their growth, a considerable amount of 
fibrous tissue is formed, with only a moderate degree of cellular pro- 
liferation, giving a tumour of the scirrhus type. In some of these cases, 
the fibrous tissue is so abundant that, the cancer-cells are difficult to 
find, and it may be that some of the so-called fibrous stricture are 
really cancers 'in which the fibrous overgrowth has prevailed. Fibrous 
strictures of the pylorus, due to chronic inflammatory changes, occur, 
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and cases are not infrequently reported in which a large ^‘tumour,’’ 
supposed to be cancer, had been previously present and had disappeared 
after gastro-enteroatomy. This disappearance is taken as proof that 
the mass was inflammatory. It is just possible that some of these cases 
may be carcinomata in which the fibrous overgrowth has isolated, and 
eventually destroyed, the cancer-cells. Carcinomas in the body of the organ 
and in the lesser curvature grow more rapidly, and may form irregular, 
fungating, cauliflower-like excrescences, projecting into the cavity (see 
fig. 346). These tumours are very cellular, and exhibit the typo of 
malignant adenoma or sometimes encephaloid cancer. 

Effects on the Stomach. — Cancer at the pyloric orifice causes a ring- 
like infiltration of the mucous and submucous tissues, and thus produces 
a stenosis of the orifice which leads to dilatation and hypertrophy of the 
organ, with stagnation of food and consequent fermentation- changes, 
these latter being aided by alterations in the normal secretions and the 
multiplication of various bacteria, yeasts, torulso, etc. 

Ulceration of the inner surface of the tumour, and haemorrhage, are 
usually later manifestations. A tumour at the cardiac orifice is, as a 
rule, small, unless it is associated with, and a continuation of, a squamous 
epithelioma of the oesophagus. But, in this situation, the tumour is 
more liable to damage; and, therefore, ulceration is a common feature 
of the condition. Cancer of the body of the stomach frequently becomes 
ulcerated, and hsemorrhage is a common sign of the disease. 

Method of Extension of Cancers of the Stomach. — The extension of 
the tumour takes place by an infiltration of the mucous and submucous 
coats, leading to general thickening of a considerable portion of the 
stomach-wall, or to the formation of irregular fungating outgrowths. 
These fungating masses are very vascular, and are easily damaged, and 
in them ulceration is extremely common. The infiltration may spread 
into the muscular and peritoneal coats, and, in rare instances, perforation 
may result. Occasionally, especially in slow-growing cases, the infiltrated 
and thickened stomach-wall may undergo great contraction, and may 
even come to form a narrow, thick-walled tube, somewhat resembling 
a piece of thickened intestine — the so-called leather-bottle stomach.” 
Secondary growths are common in the liver and in the peritoneum ; and 
the lymphatic glands in connection with the stomach are usually involved. 
Infection of the mediastinal glands may occur, and it is not uncommon 
to find enlarged cancerous glands at the root of the neck in such cases. 
Occasionally, widespread secondary growths in bones, especially in the 
bodies of the vertebrae, but sometimes in practically every bone in the 
body, may supervene. 

PLASTIC LINITIS. (Cirrhosis of Stomach : Fibromatosis of Stomach.) — 

This condition — ^if it exists apart from malignant disease — ^is rare, 
aud consists of a diffuse thickening involving chiefly the submucous coat. 
It is^hf disease of ladult life and commences usually about the pylorus, 
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Cases have been described by various authors, but some of these have 
been shewn by the later history to be malignant, producing secondary 
growths in the liver. Doubts have been expressed as to whether all these 
cases would not have been shewn to be malignant (the fibrous-scirrhus 
type) if a sufficiently exhaustive microscopical examination had be^n made. 

DISEASES OF THE INTESTINES 

CONGENITAL MALFORMATIONS 

• From a fault of development, part of the large or the small intestine 
may be absent. This condition is seen especially in the rectum, the lower 
part — the proctodseum — ^not having united with the portion above, so 
that the condition of imperforate anus is produced , In some cases, the 
rectum has been found to open into the urethra in males, and into the 
navicular fossa of the vulvar cleft in females, or to end in a fibrous cord 
at the base of the prostate or in connection with the vagina. There 
may, in other cases, be congenital narrowness and defective development, 
sometimes with complete occlusion, in the small intestine, especially in the 
duodenum and the lower end of the ileum, close to the ileo-c8ocal valve ; or 
there may be stenosis at the junction of the pelvic colon with the rectum. 

The commonest malformation is a Meckel’s diverticulum. This varies 
from a slight rounded bulge to a long tubc-like pouch, which is most 
commonly some two or three inches long, and may be continued by a 
fibrous cord. In infants, it is found at from twelve to eighteen inches, 
and, in adults, at from two to three feet, above the ileo-caecal valve. It 
possesses the same structure as the intestine, has usually a somewhat 
narrower calibre, and is in direct communication with it. This diver- 
ticulum arises from the imperfect closure of the omphalo-mesenteric 
duct, and is sometimes connected with the umbilicus, where, if not 
completely closed, it gives rise to a faocal fistula. If the lumen in 
some part of its course becomes shut off, the dilatation which follows, as 
a result of the accumulation of secretion in this closed sac, may give 
rise to the formation of a cyst — ^the so-called enterocystoma. 

Diverticula are not uncommon in old people — especially in those who 
are the subjects of visceroptosis — in the posterior wall of the duodenum 
near the termination of the common bile-duct. They are composed 
wholly of mucous membrane and are probably due to pressure or 
traction, as they occur at the weak points in the musculature of 
the duodenum, and may be mistaken at an operation or post- 
mortem for ulcers. Smaller diverticula are found in the duodenum, 
jejunum, or other part of the intestinal , tract, and not infrequently 
have an aberrant portion of pancreatic gland at their apices, the 
presence of the latter in the intestinal waU forming a weak spot> at 
which pouch- or finger-like dilatations supervene. Faecal concretiouB 
may be formed or may accumulate in these diverticula, and give rise to 
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inflammatory reactions and suppuration ; and thus abscesses are formed 
in the tissues round, especially, the more fixed parts of the intestine, e,g. 
the rectum. Diverticula or irregular pouches of mucous membrane of the 
intestine, particularly the colon, especially in the descending and sigmoid 
portions, are also found passing between the layers of the mesentery 
(see fig. 347), and inflammatory changes sometimes occur in them— a 
condition known as diverticulitis. The presence of such diverticula has 
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Fig. 347. — Multiple Diverticula of the Intestine. 


been demonstrated, in the living subject, by X-ray examination after 
a bismuth- or barium-meal. 

TRANSPOSITION, — Occasionally, transposition of the intestines 
occurs without transposition of the other viscera. Usually, however, 
it forms part of a more gcnerahsed transposition (see fig. 341). 

DILATATION of a more or less uniform character may result from 
prolonged constipation, or from unknown causes, and is sometimes very 
extreme in degree. In ^ jBirschprung’s disease/’ or megacolon, enormous 
dilatation of the pelvic colon and, in some cases, also of the iliac and 
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descending portions of the colon, occurs, usually along with hypertrophy 
of the circular muscle-fibres in the wall. In cases in which the condition 
has lasted for some time, considerable fibrous hypeTplasia occurs, and, if 
scybalous masses -are retained in the dilated bowel, numerous irregular 
ulcers of the mucosa may be present. The cause of the condition is 
not understood. Acute dilatation or distension of the intestine is a 
common manifestation in cases of infltoimatory conditions in the 
abdomen, e.g, peritonitis. 

* HERNIA :~ 

This term has a very wide application, but, in the abdominal cavity, 
it is generally taken as applying to a protrusion of some part of the 
intestine, the omentum, or other portion of the abdominal contents, into 
a sac composed of a prolongation of the peritoneum. The two commonest 
forms are inguinal and femoral hernias. The former is a protrusion, usually 
of some portion of the intestine, of the omentum, or of both of these, 
through the external inguinal ring, the contents descending through the 
inguinal canal : or a protrusion directly forwards through the internal 
inguinal ring under the skin of the abdomen. Femoral hernias are 
especially Common in women, and consist of a protrusion of some part 
of the abdominal contents through the femoral lihg, the hernia shewing 
itself at the antero-internal aspect of the thigh, at the position of the 
saphenous opening. Hernias at the sciatic notch and at the obturator 
foramen, or into the perineum or the vagina, at the umbilicus, at the 
sites of surgical and other wounds, etc., need only be mentioned. Full 
descriptions of these will be found in textbooks of Surgery. 

etiology. — ^Hernias may be congenital or acquired. In the congenital 
hernia, the sac consists of either the unobliterated umbilical process or 
the funiculo- vaginal process, of the testis in the male or the canal of 
Nuck in the female. The umbilical process may give rise to the sac 
of a congenital umbilical hernia, and the funiculo-vaginal to that of a 
congenital hernia of the vaginal process, or of the funicular process, 
or, more rarely, in the female, of a congenital hernia of the canal 
of Nuck. In the production of acquired hernia, two important factors 
come into play, viz. undue pressure, and weakness of the supporting 
structures. Hernias resulting from undue pressure most commonly arise 
as a consequence of severe imiscular efforts, such as are involved in 
lifting heavy weights, constant coughing, etc. The contraction of the 
muscles of the abdominal w^all exerts considerable pressure on the 
contents of the abdomen, the wall gives way at specially unsupported 
parts, and more or less of the contents are protruded. 

Pathological Anatomy. — ^In the congenital forma, the intestines or 
other contents project into the pre-existent tubes or sacs of peritoneum 
already referred to. In the acquired forms of hernia, the sac is com- 
posed of stretched peritoneum. In rare cases, this may rupture or 
disappear, and no definite sac be present. 
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The sac usually acquires, by a chronic inflammatory process, Adhesions 
to the structures among which it is protruded, and some^times to its 
contents, 

Contents of the Sac. — ^The parts most commonly protruded are some 
portion of the intestines and the omentum, but the sac may contain any 
part of the abdominal contents. The neck of the hernial protrusion is 
usually constricted, and this 'constriction may be so marked as to causei 
interference with the blood-supply to the contents. The most direct 
effect is obstruction of the veins, producing congestion and oedema. ^ The 
protruded portion may become dark in colour. Later, arterial obstruction 
may take place, and this, if sufficiently complete, leads to the occurrence 
of gangrene. Obstruction to the onward passage of the contents of the 
bowel is another important consequence. 

Internal Hernias are generally protrusions of parts of the abdominal 
contents into pre-existing pouches, or through normal or abnormal 
apertures. The two most important of these arc — 

1. Diaphragmatic Hernia. — The true diaphragmatic hernia is a pro- 
trusion into the chest of some of the abdominal contents, through one 
of the normal apertures, or through a part of the diaphragm which, by 
reason of defective development, is absent, has given way, or has been 
ruptured by mcfchanical injury. The contents of the hernial sac are 
most usually intestine, spleen, liver, or stomach. 

2. Retroperitoneal Hernia consists of a protrusion into pre-existing 
peritoneal pouches, which generally lie behind the peritoneum, from 
which they are offshoots. The most important of these pouches is the 
paraduodenal fossa, w^hich lies behind the last part of the duodenum, 
and arises at the junction of the duodenum and jejunum. 

Post-operative Hernia. — Portions of intestine or omentum may find 
their way into stretched scars or imperfectly closed wounds resulting 
from operations in the abdomen. 

STRANGULATION 

Internal strangulation may be brought about by compression and 
obstruction of the intestine by fibrous peritoneal adhesions, by a persist- 
ent cord of a Meckel’s diverticulum, by a twisting of the coils upon 
themselves (volvulus), or by the passage of a loop of bowel through an 
abnormal opening in the mesentery or elsewhere. Dilatation of the 
intestine occurs above the seat of the obstruction ; and congestion, haemo- 
rrhage into the lumen of the bowel and perhaps into the peritoneal cavity, 
peritonitis, necrosis, gangrene, and perforation may result. Strangulation 
of the bowel in a hernial protrusion has already been described. 

VOLVULUS may affect practically any part of the more mobile portions 
of the bowel, may even involve the caecum when it possesses a mesentery, 
but is most frequently tomd in the pelvic colon. This portion of the , 
intestine is attached by its two ends to a fixed point, and it sometimes 
twists round this as an axis — ^the upper loop generally turning round the 
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lower. The twisting causes obstruction; and the bowel above the con- 
striction becomes greatly distended ; and, if the condition persists and 
does not at' once lead to a fatal issue, the musculSr walls may become 
hypertrophied. The constriction may be very marked, and may produce 
congestion, haemorrhage, necrosis, and gangrene of the bowel and 
peritonitis, and rapidly cause death. 

INTUSSUSCEPTION 

This is a condition in which one part of the ini-estine is invaginated 
into the lumen of the immediately adjoining part. It may occur at any 
part of the bowel, the most usual site being at the ileo-caccal valve, — 
the valve and the ileum being carried into the ascending portion of the 
colon. The invagination may be extreme, and the apex of the intus- 
susception may even present at the anus. Sometimes, but much less 
frequently, the invagination occurs in the small intestine. In whatever 
situation it takes place, it is always the upper part of the bowel which 
slips, or rather is drawn, into the lower; for it is by the peristalsis of the 
lower part, and the absence of peristalsis in the enclosed upper portion, 
that the invagination occurs. Once the condition has commenced, it 
may continue as long as the peristalsis lasts, and more and more of 
the intestine be thus invaginated. The mesent^Ty is carried in with 
the intestine, and, by being dragged upon at one side, it may give to the 
bowel an oblique direction. The packing-in of the intestine, and the 
pressure on the mesenteric veins, cause congestion of the bowel, and, it 
may be, haemorrhage into its coats, interference with its nutrition, 
inflammatory changes, and even gangrene. Sloughing, with general 
peritonitis, may result ; or permanent adhesions may occur between the 
outer ensheathing part and the upper end of the included portion, atid, 
in the latter case, the invaginated part may, by necrotic or gangrenous 
changes, become separated and be passed per recinm, the continuity of 
the bowel being restored, with the loss of this gangrenous portion. 

“ Agony-intussusception.”~-Invaginations in the small intestine are 
frequently '■seen at post-mortems. They are very common in children, 
especially in intestinal cases, and are often multiple— as many as a 
dozen or more being not infrequently found. They arc usually small, 
but occasionally may be two or three inches long. These shew no inflam- 
matory or congestive changes, are without adhesions and are easily 
undone on gentle traction. They are probably due to local interference 
with peristalsis during the death-agony, and are of no special pathological 
significance, 

PROLAPSE OF THE INTESTINE 

This is usually a prolapse of the lower part of the rectum and anal 
canal (prolapsus ani), due to a weakness of the sphincter and to constant 
straining. It is commonest in young children, but may occur in adults 
and is frequently associated with haemorrhoids. In some cases, the 
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mucous membrane of the lower part of the rectum alone is protruded ; 
whilst, in other cases, the upper, more movable part of the rectum may 
be invaginated into the lower part and then protruded. The exposed 
mucous membrane, if not immediately replaced, becomes inflamed; and 
ulceration, haemorrhage, and necrosis may subsequently result. 

ATROPHY AND HYPERTROPHY 

ATROPHY of the mucous membrane of the intestine may occur in any 
wasting disease, such as tuberculosis, cancer, etc., or as a result of chronic 
inflammatory conditions, and is frequently seen in cases of pernicioas 
anaemia and in children the subject of marasmus. Atrophy of the 
various coats may occur from interference with function, and is sometimes 
seen as a result of starvation, or in the intestine below the site of a 
stricture, or even throughout the whole of the intestine in cases of cancer 
of the oesophagus or of the cardiac or pyloric orifices of the stomach. 
The atrophy is sometimes masked by a general oedematous condition 
of the intestinal mucous membrane. 

HYPERTROPHY, especially of the muscular coat, occurs above the 
sites of strictures or in cases of chronic obstruction produced by other 
causes, and is usually associated with dilatation. Congenital hyper- 
trophies of the various sphincteric areas of the alimentary canal are 
described on pp. 747, 755. 

Hypertrophy of the lymphoid tissue is a very marked and con- 
stant feature in those cases which have been described under the term 
^Mymphatism,” the solitary follicles standing out as little bead-like 
swellings, and the Peyer’s patches often shewing even more marked 
swelling than that seen in typhoid fever before ulceration. 

DEGENERATIONS 

The most important of these is amyloid or waxy degeneration, which 
is usually associated with waxy changes in the liver, kidneys, and spleen, 
in tuberculous disease or in syphilis. It affects the arteries and capil- 
laries of the mucosa and submucosa, and is seen especially in the vessels 
of the villi. The intestine looks smooth and pale or greyish in colour, 
but the condition is best detected by the application of iodine, when 
the vessels shew as a mahogany-'brown network. This degeneration is 
usually associated with chronic catarrh. Superficial erosions or ulcers 
may be present. 

CIRCULATORY DISTURBANCES 

(a) CHRONIC VENOUS CONGESTION is a common pathological 
change in the intestine, and is the result of obstruction to the portal 
circulation or of a general venous obstruction. Diseases of the liver— 
especially cirrhosis— and diseases of the heart and of the lungs, are the 
most prominent factors in its caxisation. The mucous membrane becomes 
swollen, and assumes a dark bluish or even a slate-grey colour. Hasmo- 



DISEASES OF THE DIGESTIVE SYSTEM 


766 


rrhages in the submucous and mucous coats are frequently seen. There 
usually is associated catarrh, and, perhaps, oedema, the latter condition 
being, as a rule, specially marked in the duodenum and upper part of 
the jejunum. 

(6) HEMORRHAGE. — -Petechial haemorrhages occur in the mucous 
and submucous coats of the intestine in various infective diseases, in 
cases of profound anaemia, in poisoning with phosphorus and other 
substances, and in chronic venous congestion. Larger haemorrhages 
may occur from any part of the intestinal tract after severe burns of the 
skin, or of the skin and subcutaneous tissues : secondary to malignant 
growths, and as the result of intense inflammatory changes in the intestine 
itself, especially in cases of specific infection and where ulceration occurs, 
as in typhoid fever, in dysentery, in ankylostomiasis, and in duodenal 
ulcer. Large haemorrhages either into the lumen or into the wall of the 
intestine occur in Henoch’s purpura, and may simulate intussusception 
with acute obstruction, giving palpable sausage-shaped tumours. They 
may be followed by acute inflammatory changes, necrosis, gangrene, 
ulceration, peritonitis, etc., and are often fatal. Obstruction of the 
superior mesenteric artery or some of its branches is a comparatively 
rare condition, but when it occurs, as by embolism or thrombosis, great 
engorgement follows, often with hseinorrhagc, the area of infarction 
usually undergoing necrosis and gangrene before any collateral circula- 
tion is set up. Strangulation, or intussusception, however produced, 
may give rise to haemorrhage. Clinically, such conditions are charac- 
terised by the passage of blood in the stools. The amount and appear- 
ance of such blood vary greatly according to the site and nature of the 
lesion. It may be clotted or fluid, bright red if fresh, or — ^if altered by 
the action of the sulphuretted hydrogen in the bowel — of a brownish- 
black or black colour, the condition being then known as melsena. It 
may be so small in amount as to be diagnosed only by special tests for 
“ occult blood.” Blood in the stools may, of course, also originate from 
some lesion such as malignant disease or simple ulcer of the stomach, or 
the blood may have been swallowed . 

Local haemorrhage from the rectum itself may result from the rupture 
or ulceration of hsemorrhoids, which are produced by varicose dilatation 
of the veins of the rectum and anal canal. They are found usually at 
the lower part of the bownl, outside or inside the sphincter ani. The 
main cause of their production is obstruction of the portal venous circu- 
lation, which may be brought about by such conditions as cirrhosis of 
the liver, repeated pregnancies, tumours in the pelvis, or chronic con- 
stipation ; but another important factor is obstruction to the systemic 
venous circulation. The hsemorrhoidal veins — ^being radicles of the 
portal vein, and also communicating freely with the neighbouring 
tributaries of the inferior vena cava— become dilated when there is inter- 
ference with the blood-flow in either of these great systems. In chronic 
constipation, the fteces become unduly solid, and cause constant pressure 
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on the ascending veins, the contraction of the rectal wall is increased 
in force, and this tends to constrict the apertures through w^ch the 
veins pass, and the expulsive expiratory efforts, which raise thfe blood- 
pressure in the portal and systemic venous system, are prolonged. The 
repeated and severe distension thus induced leads to the production of 
permanent varicosity. 

The haemorrhoids may be external and the veins surrounding the anal 
margin be alone distended ; but, more commonly, internal and external piles 
occur together. Usually, the connective tissue supj)orting the veins is 
hypertrophied as a result of repeated irritation or recurrent inflammatory 
attacks. 

Internal haemorrhoids consist primarily of a dilatation of the radicles 
of the superior haemorrhoidal vein and, secondly, of connective-tissue 
increase in the columns of Morgagni. At first, they may appear as flat, 
longitudinal folds of mucous membrane, but, later, they increase in size, 
and become more rounded and even pedunculated. The distended veins 
may rupture, or ulceration may take place. As they increase in size, 
they may become prolapsed through the anus. The hsemorrhoids appear 
as polypoid elevations of a dark red, congested appearance. On section, 
these are found to consist of dilated veins, witli more or less inflam- 
matory connective tissue as a supporting structure. Thrombosis may 
occur in them; the clot may organis<‘ and the pile be reduced to a 
small fibrous mass; or an infective phlebitis may be set up. 

INFLAMMATION : 

The inflammatory affections of the intestine involve especially the 
mucous and submucous coats, and vary, both in character and in intensity, 
from those which shew merely catarrhal changes to those in which 
there is suppuration or extensive ulceration. 

(1) ACUTE CATARRHAL ENTERITIS is a very common affection of 
children, but may occur, especially in the duodenum, in adults. The 
causal factor is usually the ingestion of unsuitable food, or exposure to 
cold ; or the condition may occur as the result of one of the acute infective 
fevers. In some of the severer affections of the bowel, e.g. in the 
summer- or autumn-diarrhoea of children, there seems little doubt that 
bacteria, in most cases in contaminated milk and other foods, play an 
important part. The large intestine, with the csecum and the vermiform 
appendix, arc common sites, but the condition frequently occurs at the 
lower part of the ileum, just above the ileo-csecal valve, and may also 
be found in other parts of the small intestine. The congestion may be 
diffuse, or it may be localised especially to the valvules conmventes and the 
tissues round the solitary glands. The mucous membrane may, in 
addition, be swollen, soft, and covered wholly, or in parts, with a layer 
of viscid mucus. In some cases, e. g. in the catarrh seen in scarlet fever, 
diphtheria^ etc., there is considerable swelling of the solitary 
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glands^ especially towards the lower part of the small intestine ; whilst, 
in other cases, small follicular ulcers, from one-sixth to one-eighth of an 
inch in diameter, are seen in these swollen glands. These ulcers may 
heal and, leave small scars, 

(2) CHRONIC CATARRH is commonest in the large intestine, and is 
manifested by thickening of the mucous membrane, and proliferative 
changes in the glandular elements, which may lead to the formation of 
definite polypoid elevations. Ulceration may follow, and, in the later stages, 
atrophy occurs, involving, not only the mucous membrane, but also the 
muscular coat. The mucous membrane may exhibit marked pigmentation. 

(3) CCEUAC DISEASE . — Gee, in 1888, described a wasting disease of 
children in which there was abdominal distension without any apparent 
pathological lesion. This has since been described under various names 
by different observers, and has been more fully dealt with by Hutchison 
under the term coeliac disease. Mental symptoms of various kinds arc 
exhibited by the patients, and, later, there may be weakness of the legs. 
The only post-mortem finding of importance is thinning and atrophy of 
the intestine wall. The faeces are pale and offensive and always contain a 
considerable excess of fat. Various hypotheses, such as deficient secretion 
of bile by the liver, imperfect action of the pancreas, or, that the con- 
dition is merely a chronic intestinal catarrh due to some specific type 
of micro-organism, have been formulated. Certainly, in some of the 
cases, there is a considerable excess of gram-positive organisms in the 
stools, but no specific causal organism has been isolated. The character 
of the motions suggests that the condition is a chronic intestinal catarrh, 
with, possibly, some pancreatic insufficiency. 

(4) FOLLICULAR ULCERATION . — As already stated, this condition 
may occur in acute or in chronic catarrh. In waxy disease of the intes- 
tine and in chronic nephritis, it is commonly present. It may be found as 
a sequel of acute fevers, or be due to the direct action of specific bacteria 
on the bowel, as in typhoid fever and in bacillary dysentery. So-called 
stercoral ulceration is frequently seen in the large intestine, and especially 
in the caecum, where it may become chronic ; and, in many cases, it seems 
to be due to chronic imtation behind a stricture of the large intestine, or 
to the irritation caused by an accumulation of faeces. The ulcers may 
be solitary and somewhat isolated, but, when very numerous, the mucous 
membrane presents a “ worm-eaten ’’ appearance from confluence of 
the individual ulcers. Perforation and consequent peritonitis may 
occur. Ulceration, following gastro-enterostomy, is sometimes found at 
the site of anastomosis, or in the jejunum a short distance from the 
opening. The hyperacidity of the stomach-contents was supposed to 
be the main factor in producing these ulcers, but it has been shown 
experimentally by Willrie that other factors are concerned, such as 
obstruction at the orifice, hsematoma, the irritation of unabsorbed 
sutures, and the passage of solid food over the raw surface during the 
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healing piocess. The ulcers are usually small and somewhat resemble 
the simple peptic ulcers. 

(5) CROUPOUS or FIBRINOUS ENTERITIS is a rare condition, 
which results especially from the action of irritant poisons, or of 
scybala or foreign bodies which have accumulated in the intestine. The 
fibrinous deposit may be in the form of irregular patches on the valvtdcB 
conniventes^ or it may extend more widely. The condition occurs mainly 
in the caecum and other parts of the large intestine. 

(6) MEMBRANOUS ENTERITIS is characterised by the formation of . 
a greyish membrane on the surface of the large intestine. It genera^Jy 
occurs in periodic attacks, and is commoner in women than in men. 
Complete or incomplete casts ’’ of the bowel may be passed per anim, 
these casts being composed of altered mucus, mixed with degenerated 
epithelial cells. Membranous enteritis, caused by B. diphiliericB, has 
been described. 

(7) SUPPURATIVE or PHLEGMONOUS ENTERITIS is sometimes 
seen in cases of ulcerative endocarditis and in Bright’s disease. Small 
abscesses may form in the mucous or submucous tissue, or there may be 
a diffuse suppurative condition in these coats. 

(8) DUODENITIS usually results from an extension of catarrh of 
the stomach. The catarrh may spread into the common bile-duct, and 
may, from the swelling of the mucoiis membrane, give rise to obstruc- 
tion,, with resulting jaundice. In other instances, the duodenal inflam- 
mation may be secondary to some pathological condition of the liver 
and bile-ducts, or to the excretion of irritant substances in the bile. 

(9) DUODENAL ULCER . — ^Ulcers, resembling those occurring in the 
stomach, and probably caused in a similar way, are frequently found in 
the duodenum. Acute ulcers are found in acute infective diseases, and 
it is said that a close association exists between duodenal ulcer and 
appendicitis, and that the appendix is frequently the source of the infection . 
Burns are said to be causal of duodenal ulcer. We have never seen any 
evidence of this in the post-morlem room. 

Chronic Ulcers, presenting the characters of the simple peptic ulcers 
of the stomach, are found usually within an inch of the pylorus, and are 
generally situated on the upper and anterior wall. Hsemorrhage is frequent, 
and particularly from ulcers found on the posterior wall. Perforation 
may occur. Shallow developmental depressions are sometimes seen and 
are apt to be mistaken for ulcers. 

(10) TYPHLITIS and PERITYPHLITIS are inflammatory conditions 
in and around the caecum, and should be distinguished *from appendicitis. 
The inflammatory reaction in the caecum may be due to the accumulation 
of faecal matter, to the presence of parasites, e. g. Trichocephakis trichiicris 
(T. dispar), or to intense catarrh arising from other causes. Ulceration 
itiay be produced, and the ulcers may perforate and give rise to acute 
inflammatory conditions with abscess-formation outside the caecum (peri- 
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typhlitis). The vermiform appendix may, in such cases, bo quite healthy. 
Acute tuberculous ulceration in the caecum is by no means uncommon, 
especially in children and young adults. 

(11) APPENDICITIS is frequently primary, but also results from 
an extension of inflammation from the caecum. The swelling of the 
mucous membrane at the mouth of the appendix causes obstruction, and 
the secretions of the appendix are retained, rendering the mucous 
membrane less resistant, and allowing bacterial infection to take place 
more readily. In many cases, faecal and other concretions are found in 
the appendix, and, rarely, foreign bodies such as grape-seeds, cherry- 
stones, or fish-bones. These concretions cause obstruction and irritation, 
and possibly inflammatory reaction, and, by some authors, are regard c^d 
as^he important causal condition. In some cases, it seems more probable 
that these concretions, composed as they are of inspissated mucus and 
desquamated epithelial cells, mixed with the contents of the appendix, 
are formed during the progress of the inflammatory process. Such con- 
cretions are frequently found mthout any sign of appendicitis. Parasitic 
worms, especially threadworms, and more rarely TrichocephdlUrS trichiuris, 
are found in the appendix. They may give rise to appendicitis, but, 
in other instances, no inflammatory reaction is set up by them. 

Morbid Anatomy. — In the catarrhal form of appendicitis, there may 
be only slight swelling and erosion of the mucosa, with some congestion 
of the muscular coat and of the peritoneum. In the necrotic or gan- 
grenous form, the mucous membrane is rapidly destroyed, the muscular 
wall is extensively invaded by inflammatory products, and, in cert-aiii 
cases, the whole of the coats are found in a sloughing condition. Peri- 
tonitis is an early sequel, either as a result of penetration of bacteria 
through the walls, or in consequence of perforation. General peritonitis 
or, in some cases, a suppurative condition round the appendix may follow. 
Between these two forms of appendicitis- -catarrhal and gangrenous- -- 
there are various grades in intensity of the inflammatory process. In old- 
standing cases, partial, or even, in some instances, complete, obliteration 
of the lumen, usually commencing at the tip, and fibrosis, supervene. 

(12) SPECIFIC INFLAMMATIONS OF THE INTESTINES. These, 
though in many respects similar to the forms above described, have 
certain distinctive characteristics, and are caused by known, specific, 
bacterial, or other parasites. 

(a) DYSENTERY. — This term has been, in recent years, more or less 
indiscriminately applied to any condition producing blood and mucus 
in the stools, or even to diarrhoea alone, but we here confine it to the two 
distinct forms, that due to the Entarrmha histolytica and that caused by 
the bacillus of Flexner or Shiga. In this restricted sense, dysentery is 
mainly a tropical or subtropical disease, but sporadic cases may 
occur in any part of the world, and evidence has been brought forward 
to shew that not only “carriers'’ of the disease but definite cases, 
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with all the symptoms, are found among people who have never been 
out of the British Isles. Possibly some of the cases should be regarded 
as having been recently infected from “ carriers ” or from actual cases 
which have taken their origin in known “ dysentery areas ” abroad, and 
not as evidence of the disease being endemic in the British Isles {see p. 3D5). 

etiology. — ^Two distinct varieties of dysentery are distinguished — one 
the ammbic, caused by Entammba histolytica {see p. 354): the otjier due to B. 
dysenteriw. That due to Entamoeba histolytica has a tendency to chronicity, 
and to the occurrence of relapses. Li the bacillary form of the disease, 
bacteria of different types have been described. Morphologically, they all 
resemble the coli-typhoid bacilli, , but differ in their biological characters. 
They affect specifically the colon, in its descending and sigmoid 
regions, to a greater extent than the ceecuni and ascending colon. 
Organisms of different kinds may cause the painful passage of blood- 
stained stools with mucous shreds, but it is generally found that, where 
this condition occurs epidemically, or even in some sp)radic cases, the 
cause is either the Entaynoeba histolytica or one of the types of 
B. dysenteriw. 

AMCEBIC DYSENTERY. — ^The presence of the Entamoeba histolytica 
in relation to this disease is so striking that no doubt can now be enter- 
tained as to its causal relationship, bui , as Dobell says, it is a pathogenic 
parasite in a restricted sense. It is always a destroyer of tissue, but by 
no means always productive of disease. The usual type of human 
infection is that exemplified by the carrier of the parasite.’^ And again, 
“ every healthy carrier has the lining of his bowel more or less ulcerated ; 
though the ulceration may be, and often is, superficial and almost 
invisible post mortem to the naked eye. But even quite extensive 
ulceration may exist without any dysenteric symptoms being evident.” 
The disease is conveyed probably by water or food contaminated by 
infected faeces. 

The amoeboid form of the parasite dies soon after leaving the body 
in the faeces, and does not take part in propagating the disease. Even 
if it were to reach the stomach alive, which is very unlikely, it would 
probably be destroyed by the gastric juice. The small resistant encysted 
forms, however, pass unharmed through the stomach into the intestine, 
and become actively amoeboid in the lower bowel, and make their way into 
the mucosa and submucous coat, upon which they feed, and in which 
they have their habitat. Here, in. ordinary circumstances, e.g. in the 
carrier, they set up only a minor degree of irritation. In cases, however, 
in which they produce active disease, they bring about considerable, or, 
it may be, very marked, irritation and local destruction of the tissues. 
They penetrate into the lymph-spaces and into the veins, and it is probably 
by way of the veius, radicles of the portal vein, that they reach the liver. 
The leeions show a jgreat variety of appearances depending on the stage 
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and intensity of the infection, but a-re confined to the large intestine, and 
are usually described as being specially found in the caecum and ascending 
colon. Recent work on the subject Beems to indicate, however, that 
Hie lesions may occur in any part of the large intestine, and some observers 
have found the sigmoid colon frequently involved and, occasionally, the 
rectum. The earliest lesions are in the form of small nodules, from the 
size of a pin’s head to that of a pea, projecting above the level of the gut 
and shewing a central, yellowish area of necrosis, covered with intact 
mucous membrane, or with the mucosa ulcerated at the apex of the 
nodules. As a result of this necrosis, round or oval ulcers, with raised 
undermined edges, and containing a lemon-yellow gelatinous debris, are 
produced. 

The EntarruBba histolytica may be found in the submucous tissue at 
the margins both of the small nodules and of the ulcers. The sub- 
mucous tissue may shew a serous exudate, hamiorrhage and fibrin- 
formation, and the exudate may extend to the muscular coat. Slight 
infiltrations of lymphocytes and so-called plasma-cells are also present 
in most cases. At later stages of the disease, larger nodules, 0*1 to 
0*5 cm. in diameter, are found, and these may still be covered by 
intact and congested mucous membrane, or the membrane may be 
ulcerated, and the edges of the ulcer thickened. Thus is produced a 
pit in the mucous membraue, with thicken(*d edges and containing 
greyish, gelatinous debris at its base and under its margin — ^the “ bouton 
de chemise ” ulcers. This d6bris is composed largely of degenerated and 
dead tissue-cells, but some inflammatory cells and fibrin may also be 
present. The neighbouring submucous tissue shows oodernatoiis, aivd 
often haemorrhagic, infiltration, and this infiltration may extend into 
the surrounding mucous membrane and the adjacent muscular tissue, 
the muscle-cells being swollen and their nuelei shewing chroinatolysis. 
Lymphocytes and so-called plasma-cells are found in considerable 
numbers, especially round the vessels and in the tissues immediately 
external to the mucous membrane. Dilatation of the veins in the neigh- 
bourhood is often a marked feature, and this may be seen, on opening 
the abdomen, in the subserous veins of the intestine and in those of the 
mesentery of the colon. There is usually an extension of the ulceration, 
cither by enlargement of single ulcers, or by the confluence of many. In 
this way, ulcers may be produced which encircle the whole gut, or there 
may be an irregular ulcerated surface involving almost the whole of the 
esecum and ascending colon, with islets of intact mucous membrane, or 
with a honeycombed base and an extremely ragged surface— the pro- 
jections representing portions in the surviving, or partially necrotic, 
mucous membrane which formerly separated the ulcers from one another 
-—the involvement of the submucous tissue being much more extensive 
than that of the mucosa. In some cases, the surfaces of the ulcers may 
become covered ;|)y a dirty, greenish membrane composed of necrosed 
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tissue-cells, fibrin, and more or less altered blood (diphtheritic type), a 
condition which is, however, more characteristic of bacillary dysentery. 
Occasionally, the necrotic changes may be so intense as to involve 
extensively the muscular coat, and bring about perforation either intra? 
or extra-peritoneally. 

The Entamoeba histolytica, as already noted, may be found in large 
numbers in the faeces, in the submucous coat at the periphery of the ulcers : 
as well as in the submucous tissue, in the lymphatic spaces, and in the 
veins at some distance from the ulcerated area. They may be iound in 
the dilated subserous veins as well as in the portal veins. < 

The lymphatic glands draining the ulcerated areas may shew some 
enlargement, but this is never a very marked feature. In the liver, the 
most important secondary lesion is the presence of one or more amoebic 
abscesses (p. 802); but cloudy swelling and fatty degeneration of the 
liver-cells arc common ; and, frequently, there is infiltration of the portal 
spaces with small round cells (lymphocytes and plasma-cells). No 
other characteristic lesions are found, though, in some cases, and especi- 
ally those in which bacterial infection is present, pathological changes 
such as acute congestion of the spleen, degenerative and inflammatory 
changes in the kidney, broncho-pneumonia, fatty degeneration of the 
heart-muscle, haemorrhages into various organs, etc., are found. These 
are bacterial or toxic in their origin, and may be found in any disease 
of an analogous aetiology. 

BACILLARY DYSENTERY. — This form of the disease is caused by 
certain bacilli of the colon-typhoid group, especially those described 
by Shiga and by Flexner. Other causal organisms have been described 
by Kruse — ^these being probably identical with the Shiga type — ^by Strong 
and by Hiss and llussell (the Y-Bacillus), this latter being closely allied 
to, if nob identical with, the Flexner organism. 

Shiga’s bacillus is jiow generally regarded as the specific iriicrobe of 
the acute epidemic form of dysentery commonest in subtropical and 
temperate chmates. The pathological condition produced m an acute, 
diffuse, ulcerative inflammation in the large intestine — more marked h\ 
the descending and sigmoid colon than in other regions. 

There is abundant evidence that the bacillary form may be associ- 
ated with the amoebic in the same patient. From a careful review of 
the recent literature, there seems to be very little doubt that the amoebic 
form has a wider distribution in the intestine than the bacillary form ; 
and, further, that some of the large ulcerated areas which have been 
found in the descending and sigmoid colon, in cases where the Enta'moeba 
histolytica was present in the faeces, have not been proved to be caused 
by that amoeba, but are more hkely to have been “ bacillary ” ulcers ; 
in cases where the infection has been both amoebic and bacillary. 

In rapidly fatal cases of uncomplicated bacillary dysentery, the 
mucous membrane of the intestine is swollen, intensely congested and 
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hsDmorrhagic, and the ruga3 are prominent, and covered with viscid, 
blood-stained mucus. In cases in which death occurs somewhat later, the 
niucosa is necrotic, greyish and with a membranous exudate (diphtheritic 
type), and often associated with deep necrosis in the form of dirty-brown 
or blackish (blood-stained) sloughs (gangrenous type). The submucosa 
shews infiltration with inflammatory cells and serous exudate. At a h 
still later stage, large ulcers are found, with undermined edges, tending | 
to be angular, and extending down to the muscular layer. In] 
extreme cases, the whole of the glandular tissue in the afiected area 
may, be destroyed, the mucous coat disappearing completely, and 
the submucous coat shewing extensive sloughing and infiltration by 
inflammatory cells, fibrin, and blood. The cells are largely of the 
mononucleated type, and arc seen collected in special foci round the 
blood-vessels. There arc no characteristic secoTulary lesions in cases 
of bacillary dysentery, but changes similar to those found in any infec- 
tive or toxic disease may be juesent in various organs and tissues — 
e.ff. arthritis has been described as occurring in tlie larger joints. 

Results. — In some eases, if the attack has Ix'on slight, and the ulcera- 
tion only superficial, there may be a complete* r(*st oration of the mucous 
membrane. Usually, liowtwer, when healing tak(‘S place, cicatrices 
are left, which are generally darkly pigmented, anti may give rise to 
(H)jitraction aiid to stricture of the colon. As a result of the stricture, 
<lilatation of the intestine above the diseased portion may take ])lace, 
and a secondary follicular ulceration, which is quite independent of the 
dysenteric infection, may follow. In other instaiu'es, the heali])g may be 
so complete, that the evidence of former ulceration is rendered aj)parent 
only by the presence of thin translucent areas in the wall of the bowel. 

Asylum- Dysentery.— There is general agreement- that the causal organism 
of this form of ulcerative colitis is one of the cohm-lyj)hoid group of biicilli. 
From some cases B. dysenierioi has been isolated, and, in most of these, it has 
been of the Flcxncr type. 

A certain proportion of cases of so-called sporadic dysentery may be due 
t o B. dyse^ileriWy but many are undoubtedly caused by other organisms, c. g. 
B. paraiyjjJiosns, Morgan's Bacillus, etc. Thus, the dysenteric syinj)tonis, 
which are not uncommon in children in summer-diarrhoea, may be due to 
Morgan’s Bacillus or to other members of the colon-typhoid group, and 
probably also, in some cases, to bacteria of other groups ; such eases arc, 
therefore, not in any way related to true dysentery. 

(6) CHOLERA. — In this disease, of which the causal agent is the 
cholera- vibrio or the comma-bacillus of Koch, the mucous membrane of 
tlie intestine becomes sw^ollen and markedly congested, especially in the 
n^gion above the ilco-csecal valve. The superficial mucosa undergoes 
, necrosis, and in the exposed surface, in the crypts of lieberkuhn and 
between the lining cells, the spirilla are found. The lymphoid follicles 
niay also shew swelling and congestion. Small hsemorrhages may be 
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present, and th% outer surface of the intestine has a rosy red, injected 
appearance. The lumen of the bowel contains a quantity of watery 
fluid, in which float ragged, whitish flakes, consisting of mucus, epithelial 
debris, and bacteria — these constituting the characteristic ** rice-water 
stools,” in which the organisms may be found in practically “ pure 
culture.” The blood is sometimes viscid in consistence on account of the 
constant diarrhoea and the consequent great drying-up of all the tissues* 
(c) TYPHOID FEVER.- “The B. ty^homs, which is causal of this 
disease, is present in the intestinal contents, in the adenoid follicles 
of the intestine, in the lymphatic glands, in the liver, in the kidncyn and 



Fia. 848. — ^Intoatint) from a case of typhoid fovor, duration about throo 
wooUh, whewing swolling of a Poyor's patch with ulooration. X 10. 

in the spleen, being generally seen, in sections of these tissues, in small 
clumps or masses. It can usually be found in the blood in the earlier 
stages of the disease and may be found in the urine and in the gall-bladder. 
In the urine and in the gall-bladder, the organism may persist for a very 
long time, the infected individual thus being a “ carrier ” of the disease — 

* the bacilli sometimes are discharged for several, and, in some cases, for 
many, years in the urine and in the faeces.* Examination af the blood 
in the early stage of the disease is important in diagi^sis, as the 
organism may be demonstrated in culture before the agglutinins have; 
developed in sufficient quantity to give an agglutination-reaction. 

Pathological Anatomy. — ^Tha main seats of the lesion are the adenol^ 
structures of the lower part of the small intestine-^the Payer’s and th^ 
sohtary glands-^the mesenteric glands, and the spleen. During t]^c||. 
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j&rst week of the disease, the solitary glands and the Peyer’s patches| 
become swollen and inflamed, are markedly raised above the surface of| 
the intestinal mucous membrane, and may be pale or so?newhat reddish| 
in colour. The sohtary lymphoid glands in the large intestine may^ 
also be swollen. The initial swelling in some of the glands seems to 
subside; whilst in others it increases in amount, and the gland becomes 
firmer and paler (see fig. 349). Small areas of necrosis appear in the. 
swollen part, and these, increasing in size, coalesce with one another' 
and so form irregular sloughs, which are usually bile-stained. Towards j 
tho end of the third we(^k, the sloughs become separated, and irregular! 


n 



ITig. 349. — Intofcitino from an early ease of typhoid fovor, shewing groat 
swelling of a Poyer’s patch. X 15. 

ulcers are formed (figs. 348 and 350). The ulcers are usually oval, their 
long axis being parallel with that of the intestine. The floor may be 
irregular, if the sloughs have not completely separated, but it may be 
smooth and be formed by the muscular .wall. The edges of the ulcers are 
undermined. If the ulcerative process does not penetrate deeper, the 
peiitoneal coat shews very slight alteration. The necrotic changes 
i^ay, however, spread through the muscular and peritoneal coats, and 
a perforation — ^usually of small size — with escape of faecal contents into 
the peritoneal sac and resulting general peritonitis, may occur. On| 
microscopical examination, the swelling of the Peyer’s and solitary! 
glands is seen to be due largely to a proliferation of the endothelial cells 1 
of the lymphatic and capillary vessels, and those of the adenoid 
network. These endothelial cells are actively phagocytic, and some of 
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W (a) 

Fiq. 3C0. — Portions of the small Intostine from casos of typhoid fovor of about 
throo weeks' duration. 

(а) Lower end of Ileum and lleo-caical junction, shewing great swelling of the Peyer's 
patches and solitary glands, preceding ulceration. (Edinburgh University Anatomical 
Museum. Catalogue No., Al. E. g. 9.) 

(б) Pieces'of small Intestine shewing the early stages in the formation of uloers. The 
upper piece shews a small slough in a swollen Peyer's patch. The middle portion shews 
the separation of two sloughs in a similar patch. The lowest piece shews a small ulcer 
forming in a swollen solitary gland. (Edinbui^li University Anatomical Museum. Cata- 
logue No., Al. E. g. 6.) 




^ Drawings from these preparations appeared in Lancereaux’s Atlas of Patho- 
logical Anatomij (English Translation by Greenfield), plate Ixix. 
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them may fuse, forming giant-cells which retain their phagocytic properties^ 
When recovery takes place, the ulcer cicatrises. The cicatrix is. often^ 
pigmented, and may remain permanently as a flat area in which the| 
intestinal wall is thin and transparent. The destroyed lymphoid tissue ' 
may not be restored. 

The mesenteric glands corresponding to the infected area become 
swollen and softened, and small areas of necrosis (focal necrosis) are seen 
in them. The spleen is enlarged, usually somewhat firm, and of a dark 



361. — Liver, Shewing an areu of foeai necrosis, in a ease of 
tyjjioid fever. X 300. 


red colour, and, on microscopical examination, is found to contain small 
clumps of the bacilli. The liver, and, more rarely, the kidneys, may 
shew areas of focal necrosis, whilst cloudy swelling and fattjr changes 
are almost constant features. Acute nephritis, bronchitis, broncho- 
pneumonia, ulceration in the larynx, Zenker’s degeneration of muscle, 
necrosis, and abscess-formation in bones — especially in the ribs and the 
tibise— arthritis, phlebitis, meningitis, etc., may occur as complications. 

(d) PARATYPHOID FEVER. — ^The clinical picture of this disease 
conforms so closely to that of typhoid fever that the diagnosis* between 
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the two must be based mainly on bacteriological findings and agglutina- 
tion-redactions. The causal organisms are of the colon-typhoid group 
' and conform to two definite types distinguished as B, paratyjphosus A, 
and B, paratyj)hosus B. The mortality of this disease is low, and the 
description of the morbid anatomy given here is based on comparatively 
few cases. 

Small Intestine. — In the majority of the cases, there is ulceration of 
the small intestine, the ulcers resembling those of typhoid fever and 
occuning mainly in the Peyer’s patches and solitary glands. They may 
be widely scattered througliout the ileum, but are usually confined tp 
the lower two feet, and the region of the ihni-ca^cal valve shews the most 
marked affection. In some recorded cases, the Peyei's patches have been 
swollen but not ulcerated, and, in others, no obvious lesion was present 
in the small intestine, though there was extensive ulceration in the csocum. ■ 

Large Intestine. — ^This is much more frequently affected than it is in 
typhoid fever. The lymphoid follicles may be swollen, hypera3mic and 
ulcerated ; and, in severe cases, there may be extensive ulceration, especi- 
ally in the cajcum, and this ulceration sometimes spreads along the colon 
for a varying distance. Ernest Glynn has reported a case of infection by 
B^'pamtypJiosuH TL, in which the “ mucosa of the transverse and descending 
colon was swollen, dark red, and covered with minute ulcers; no sloughs 
could be seen ; the extravasation of blood had extended under the peri- 
toneum and between the layers of the mesentery.’' There were ulcers 
in the Peycr’s patches, and also in the ascending colon and rectum. 

Perforation of the ulcers, both in the large and in the small intestine, 
may occur, giving rise to peritonitis. 

An ulcerated, gangrenous and perforated appendix has been found in 
a few cases, but always associated with ulceration in other parts of the 
intestine. Other lesions, such as inflammatory and suppurative changes 
in the gall-bladder, abscesses in the liver, and broncho-pneumonia and 
gangrenous pneumonia, may be found, but are not characteristic. Par- 
otitis, lymphadenitis of the neck, otitis, kidney- and brain-abscesses, 
laryngeal ulcerations, meningitis, arthritis, etc., have been observed, and 
B, paratyyhosus B. isolated from some of these conditions. There are 
no strildng differences in the post-morlem appearances between the lesions 
caused by the two types of the bacillus. 

Like B. typhosus, both types of the organism occur in the faeces and 
in the urine, and may be isolated from the blood in the early stages of 
the disease. B, paratyphosus A, can be distinguished from B. para- 
typhosus B. by its agglutination-reactions. 

I II (e) TUBERCULOSIS OF THE INTESTINES is specially associated 
Wth pulmonary tuberculosis, but it may occur as a primary affection of 
the intestine, especially in young children. The cause of infection is 
the swaljowing of tuberculous sputum, or the ingestion of milk or other 
food containing B» tuberculosis* The principal s^at of infection is the lower 
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part of the ileui^i, the Peyer’s and the solitary glands becoming swollen, 
either uniformly, or in scattered, irregular areas, and tuberculous foci also 
frequently occurring in other parts of the submucous or mucous coats. 
These swollen patches, covered, at first, by the mucous membrane, which 
may shew a catarrhal condition, later, undergo a central caseous necrosis, 
and over them the mucous membrane sloughs, forming small ulcers, at first 
rounded, but soon, by coalescence, spreading and becoming very irj;^gid§fr. 
Both the floo^and the edge^of the ulcers are infiltrated and thickened, 
the floor appearing caseous, ragged, and 
granular, and the margin raised and irregular. 

The ulceration spreads peripherally, and also 
more deeply, into the bowel-wall, and, at 
its lateral edge, it may extend transversely 
in the intestinal mucosa beyond the margiiis 
of the Peyer’s gland or solitary lymphoid 
folhcle, if it has either of these as its site of 
origin, as is commonly the case ; and it may, 
ultimately, almost, or even completely, 
encircle the bowel. In its further spread, 
it extends to the muscular and peritoneal 
coats, and ])roduces, in the deeper parts 
of the serous coat, a number of tubercle- 
granulations (fig. 353) --often seen along the 
lines of the lacteals ov other lytnxfliatic 
channels, by which the process tends especi- 
ally to spread. Thickeiung of the serous 
coat and adhesions to surrounding parts are 
thus produced, and the situation of the 
ulcer in the intestine can often be detected, 
on opening the abdomen, by the presence ^Show- 

011 the peritoneal surface of these thickened, ingtho raised tliickenod edges 
inflamed areas, in vrhich whitish or greyish irregular floors of the 

tubercle-granulations are studded . An over- 
growth of fibrous tissue leads sometimes to contraction of the ulcerated 
area, and to stricture of the intestines. These tuberculous strictures 
may be multiple, and the lumen of the bowel, at the site of the 
strictures, may be very much reduced in diameter. On account of 
this thickening, perforation very seldom occurs — ^though it may do so in 
certain cases of acute tuberculous ulceration. In such cases, the edges 
are usually ragged and undermined, and the floor is not infiltrated to 
any marked degree — ^the appearance resembling typhoid, rather than 
typical tuberculous, ulceration . The intervening mucous membrane often 
shews catarrh and congestion, which may be very intense. On microscopi- 
cal examination, the nature of the lesion is detected by the presence of 
tubercle-follicles, caseation, and the causal bacilli^^ 
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The csecum and large intestine are less commonly affected by the 
tuberculous process, the ulcers, when they occur in these regions, tending 
to be of the acute type and to spread widely, causing large irregular 
areas of destruction of the mucous membrane. The rectum very rarely 
shows tuberculous ulceration, but many cases of fistula in ano appear to 
be tuberculous in origin. The mesenteric glands are usually enlarged, 
and shew tuberculous infection and caseation. In children especially, the 
glands are very frequently infected, even though there may be no obvious 
evidence of any lesion in the intestinal wall itself — ^the bacilli probably 
passing directly from the intestine, by way of the lymphatics, to the glands^. ^ 



Fia. 353. — Tvht'rculoua Vlcerntum of the Irdcatine, KSJicwjiig the raiwed, uiiderniinod 
odgo {(t) : tlio tubercle-follicles, and t'simcially the groat thickoriing ol the iseroua 
coat (h). X IC). 

The glandular involvement is often very considerable, giving rise to the 
condition of tabes mesenterica {see pj). 035—7). Waxy degeneration of the 
intestine is sometimes associated with the tuberculous condition, and is 
usually part of a more generalised process, occurring especially where the 
lungs, bones, or joints are t he seat of chronic tuberculosis. In such cases, the 
kidneys, Hver, and spleen, as a rule, also shew the waxy change {see p. 60). 

(/) SYPHILIS is a rare affection of the intestine, but gumrnata 
occasionally occur, with ulceration, cicatrisation, and stricture. Primary 
sores about the anus are found, especially in women. 

(^) ACTINOMYCOSIS. — ^In the bowel, the csecum and appendix are the 
Qommonest seats of actinomycosis, but the pelvic colon may be attacked. 
Abscesses and sinuses are formed and the parietes become infiltrated. 

{h) FIBROMATOSIS. — In this condition, the pelvic colon and the 
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Fra. 354. — Scirrhus or Hard Cancer of IrUcstincy producing obstruction of humen. 
(Royal College of Surgeons Museum, Edinburgh.) 



"la. 355. — Maligm'fU Adcmmm of the Large Intestine^ producing great narrowing — the 
so-called Malignant Stricture. Note dilatation, hypertrophy, and ulceration abovo^ 
and atrophy below, the seat of strioture. (Edinburgh University Anatomical Museum. 
Catalogue No., Al. E. 1. 13.) 
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Tectum may be converted into a rigid tube. The peritoneum is thickened, 
and, under this, is a uniform layer of dense fibro-adipose tissue^ sometimes 
half-an-inch in thickness. The muscular layer may be atrophied, or 
may shew very little change ; but the submucous layer is greatly thickened 
by an overgrowth of dense fibrous tissue. By contraction of this tissue, 
the mucous membrane is thrown into folds with deep recesses between 
them, and jilceration takes place in these recesses. No evidence of 
malignant disease is found, but the tissues are infiltrated with chronic 
inflammatory cells. 



Fig. 356. — Malignant Adcnmau Primary Growth in Large Inirstinc. *On tho right are 
seen the normal mucous, submucous, and muscular coats of tho bowel. On the left 
are the largo, irregular, tr.bc-like acini of tho new growth, lined by large, dark- 
staining, columnar epithelium. Infiltration of the nomial stnicturos at the spreading 
margin is seen, x 10. 

TUMOURS OF THE INTESTINE 

Fibromata, Upomata, myomata, and myxomata may occur, and gener- 
ally assume a polypoid shape. Sarcomata are not common, but both 
round- and spindle-celled, as well^ as melanotic, sarcomata *have been 
described. Masses of lymphoid tissue, which cannot be distinguished 
from lympho-sarcomata, occur occasionally in cases of lymphatic leukaemia. 
\Ly^phomatou| ^welling, and perljaps ulceration, may be found in the 
||?mph<^d tissue, and tMs^ canditioii is sometimes also seen in Hodgkin’s 
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disease. The most important tumour of the intestine, primary cancer, 
may occur im the duodenum — ^in which situation it frequently invades 
the head of the pancreas — ^in the rectum, the caecum, the lower part of 
the pelvic colon (sigmoid flexure), and the hepatic and the splenic flexures. 
It is usually adenomatous in type (fig. 356), though sometimes the scirrhus 
form may occur. Both forms are sometimes found in the same intestine. 
Colloid degeneration may take place in either, and also a speciesrof 
mucoid degeneration in the mucin-secreting cells. The growth is often, 
small and localised, and frequently produces a stricture (figs. 351 and 
355). Ulceration of the surface of the growth frequently takes place, 
and perforation may occur, especially in growths in the transverse colon. 
Such malignant tumours may or may not become polypoidal. 

Secondary cancers are rare, except as part of a generalised peritoneal 
spread. Infiltration of the bowTl by malignant tumours of neighbouring 
structures is common. 

PARASITES 

Protozoal Infections. — Various protozoal parasites are found in the 
alimentary tract, lixcept in the case of Entnmooha hislolylica, tlic part, 
if any, which some of these x>lay in the production of irritation or actual 
disease of the bowel is not at present established. Dianhoea may be 
present in cases in which these parasites arc found, yet the same parasites 
may occur in apparently normal fcoces. Of these parasites the most 
important arc : — 

Entamoeba histolytica, p. 354. 

Entamoeba coli, p. 352, and Entamoeba Umax, p. 359 (Endolimax 
nana) (intestine). 

Trichomonas intesiinalis, p. 368 (large intestine and colon). 

Lamblia intesiinalis, p. 369 (upper part of small intestine). 

Occasionally one finds Tetramitus mesnili, Cerconioms, etc. 

Bilharziasis or Schistosomiasis.— The ova of Schistosomu mansoni, 
the specific parasite of Intestinal Bilharziasis or Schistosomiasis (p. 395), 
may cause very considerable irritation of the rectum, with the production 
of numerous large papillomatous growths in the region of the anus, and 
extending well into the rectum. The thickening may resemble carcinoma, 
and, in some cases, apparently, carcinoma is a secondary result of the 
irritation. Schistosoma hcematobium (Bilharzia haemaiobia), either alone, or 
in association with S. mansoni, is also found occasionally in the rectum. 

Among other animal parasites occurring in the intestine may be 
mentioned Tcenia sayinala and Tmnia solium, Dibothriocephalus lotus, 
Ascaris lumbricaides, Ankylostoma duodenale, Oxyuris vermimlans, 
Trichocephalus trichiuris (T, dispar), Paragonimus westermani, Hetero- 
phyes heterophyes, Balantidium coli, etc. These are described under Animal 
Parasites (pp. 386 et seq,). They may give rise to enteritis with a varying 
degree of diarrhoea ; and mucus and blood may be found in the stools. 
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DISEASES OF THE PERITONEUM 

CONGENITAL ABNORMALITIES. — ^There may be an exaggeration 
of the normal pouches, an abnormal shortness of the mesentery, a laxness 
of the various ligaments, or the persistence of processes and connec- 
tions which in the ordinary course of development become obliterated. 
Dermoid cysts, and other cystic developments of unknown origin 
(air-cysts, etc.), have been described. 

CIRCULATORY DISTURBANCES 

{a) ACUTE CONGESTION {see under Inflammation). 

(h) CHRONIC VENOUS CONGESTION, resulting from any of the 

usual causes of this condition, may shew itself in the peritoneal sac. 
Tlie peritoneum becomes oedcmatous, and accumulation of fluid occurs. 
The fluid may be clear, or blood-stained from rupture of the distended 
vessels. 

(c) HEMORRHAGES, in the form of petechise, are found in various 
septic and hsomorrhagic diseases, and in parts adjacent to acute inflam- 
matory foci. Minute hfemorrhages occur in cases of chronic venous 
congestion, and in phosphorus-poisoning, snake-bite, etc. When recent, 
the petechial htemorrhages are bright-red in colour. At a later period, 
the remains of these arc frequently seen as small, black, pigmented 
spots immediately under the serous surface. Larger luemorrhagc^s may 
result from traumatism, laceration of the liver, spleen, or kidneys, or 
from the rupture of cysts, extra-uterine pregnancies, etc. Ha3m()rrhage 
is found in infarction of the intestine, and in some cases of tuberculosis 
or cancer of the peritoneum. 

(d) ASCITES develops as part, of a general dropsy in cardiac or in 
renal disease ; or it may be due to obstruction of the portal circulation, 
especially in cases of cirrhosis or cancer of the liver. Chronic peritonitis 
may lead to accumulation of fluid in the sac, but does not necessarily do 
so. The fluid is usually clear and colourless, or perhaps somewhat yellow^ 
ish in colour, but it is sometimes hjemorrhagic in character. Where 
there has been obstruction or rupture of lymphatic channels, for example 
in some filarial diseases or in tuberculosis, the fluid appears milky from 
the presence of finely divided fa,t or chyle (chylous ascites). A fluid, some- 
what resembhng that of chylous ascites in its naked-eye characters, is 
occasionally seen in cases of cancer — ^where there is considerable degenera- 
tion of the cells, the admixture of the cells containing fatty particles with 
the fluid, giving it a milky appearance — ^in tuberculosis of the mesenteric 
glands, and also in some obscure cavses in which the part.icles are 
alburoinoid, not^fatty. 
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As a result of the ascites, chronic fibrous thickening of the peritoneum 
is not infrequent. 

INFLAMMATION, or PERITONITIS 

Peritonitis occurs as a result of the direct spread of infection 
through a damaged, but not necessarily perforated, intestinal wall; 
or it may be secondary to appendicitis : to the escape of the contents 
of the stomach or of the intestine into the peritoneal sac : or to the 
secondary spread to the peritoneum of an inflammation — suppurative or 
noil-suppurative — ^in, or round, the intestines or other abdominal organs, 
e,g, the Falloi)ian tubes. Direct spread through the diaphragm from the 
pleural cavity, and extension from septic wounds in the abdominal wall, 
may occur. A primary affection of the peritoneum is not so common, 
but may arise during the course of an attack of acute rheumatism, 
acute lobar pneumonia, or in Bright's disease. A primary pneumococcal 
peritonitis is occasionally found without any obvious pathological lesion 
elsewhere. 

Pathological Anatomy. --In the earlier stages, there is marked 
hyperjcmia, with serous exudation. Fibrin is formed, and this is deposited 
as a fine reticulum on the surface of the intestines. The coils become 
glued together by this exudate. The adlu^sions fdrnu‘d are at first soft, 
and thus the surfaces in contact are easily separated. If the condition 
progresses, greater numbers of leucocytes (unigrate, and, in some 
cases, the exudate becomes purulent. Tlie pus is found first round 
the original focus of infection; but, if not localised by adhesions, it 
gravitates to the pelvic cavity or to the right and left him bar regions. The 
course, however, may be influenced by the arrangement of certain peri- 
toneal folds. Thus, effusions result ing from perforation or inflammation 
of the duodenum, gall-bladd(U. and right lobe of the liver, will be directed 
towards the right kidney ; and those arising in connection wdth the 
stomach, towards the spleen. Ellusions in connection with the appendix 
tend to gravitate into the pelvic cavity or are din^cted upwards alongside 
the colon towards the right renal or sub-hepatic pouch. The endothehal 
cells of the peritoneum swell and multiply, and many of them are shed. 
A certain amount of infiltration with inflammatory products occurs 
in the sub-endothelial layer of the intestine, which becomes swollen and 
oedematous. Tympanitic distension takes place on account of paralysis 
of the muscular coat of the gastro-intestinal canal. 

The characteristics of the various cells found in the exudate at the 
different stages have been fully discussed under Inflammation (p. 174). 

If recovery takes place, a - varying degree of adhesion between 
neighbouring structures, e. g. the adjStcent coils of intestine, or between 
these and the abdominal wall or some of the abdominal organs, generally 

remains. 

52 
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Localised Intra-peritoneal Suppuration. — Localised inflammation, or 
localised collections of pus within the peritoneal cavity, may arise from 
various causes. Such conditions are seen in localised appendix-abscess, 
round disease-foci in the female pelvic organs, as a result of slow leakage 
from a gastric or duodenal ulcer, in inflammatory processes around a 
cancerous growth of the intestine, and in disease of the gall-bladder, 
bile-ducts, or pancreas. “ Residual ’’ abscesses may occur in any 
part of the peritoneal cavity after the subsidence of a widespread 
peritonitis. Abscesses due to chronic tuberculosis are found in various 
situations. 

Sub-phrenic or sub-diaphragmatic abscess may arise from almost any 
intra-abdominal lesion- -the comnmjiest, however, being perforation of 
an ulcer of the stomach or duodenum, suppurative conditions of the 
liver and its ducts, and appendicitis. In some cases, the focus of infection 
is above the diaphragni-'-in the lung or pleura. 

CHRONIC PERITONITIS may be a sequel ol an acute attack, l)ut a 
slowly developing peritonitis, with the formation of fibrous adhesions, 
sometimes occurs in connection with Bright’s disease, or in cancer of 
the peritoneum. Local thickenings of the capsule of the liver and 
of the spleen are frequently seen in diseases of these organs, and, 
very commonly, there are adhesions between them arid the parts 
around. These conditions arise as a result of a proliferative over- 
growt/h of the pre-existing fibrous tissue of the part, caused by 
chronic irritation— for examjfle, aroimd a gall-bladder containing 
gall-stones — and should not be classed as ‘‘inflammation.” Chronic 
peritonitis is probably most frequent in connection with the female 
generative organs, and often results in adhesions wliich may cause 
considerable distortion and, perhaps, displaccunent of the organs. It is 
seen as the result of syphilis, e. g. on the surface of the liver (syphilitic 
perihepatitis). 

TUBERCULOSIS of the peritoneum is often very widedy spread, and 
sometimes unattended by any marked acute inflammatory reaction. On 
the other hand, the acute inflammatory changes associated with the 
condition may be very intense, and Ibe exudate be haemorrhagic. 
Frequently, however, a slowly developing, subacute inflammatory 
reaction takes place, and this leads to extensive infiltration, and the 
formation of irregular, firm adhesions. The great omentum may be 
so infiltrated, thickened, and retracted, that it measures over an inch 
in antero-posterior diameter — forming a characteristic cake-like mass 
towards the upper part of the abdomen. The tuberculous nodules vary 
greatly in size. In the more acute forms, they are usually small — some- 
times extremely minute and resembling fine grains of pepper on the 
peritoneal surface — but, in the chronic cases, they are comparatively large. 
They are greyish or yellowish and opaque, and have not the pearly lustre so 
often seen in secondary nodules of cancer. They are frequently pigmented. 



DISEASES OF THE DIGESTIVE SYSTEM 787 

Serous or sero-purulent exudate is sometimes present. When present, 
it is usually contained in irregular saccules between the adhesions. There 
may be a varying degree of involvement of the lymphatic glands in the 
tuberculous process. 

etiology. — Tuberculosis of the peritoneum is commonest in children, 
but may occur at any age. The condition is usually secondary to 
tuberculosis of the glands or of some abdominal viscus. The commonest 
sources are tuberculosis of the mesenteric or retro-peritoneal glands, and 
of the ovaries and Fallopian tubes. Intestinal tuberculosis rarely gives 
rise to a general peritoneal infection — only localised patches on the outer 
'wall of the bowel, corresponding in their position with the ulcers in its 
interior, being, as a rule, affected. Spread of a tuberculous infection 
through the diaphragm from the pleura may occur; and, in rare 
instances, tuberculosis of the vertebrsc and tuberculosis of the appendix 
are sources of infection. Tuberculous peritonitis is sometimes part of a 
generalised acute miliary tuberculous infection. 

Results of the Process. — The adhesions often give rise to serious 
obstruction of the intestine. In very chronic cases, calcareo-us deposits 
may be found in the adhesions and in the infected glands. 

TUMOURS 

Small pedunculated tumour-like masses — sometimes called ‘‘ lipomata” 
— and cysts arising from the aj^yendices eyiyloicm arc frequently seen. 
These are not true tumours, Init merely overgrowths of the appendices. 
Multiple fibromata and sarcomata of retro-periton(*al origin occur. Primary 
tumours of large size, in which a plexiform arrangement of vessels exists 
— ^the so-called Angio-sarcomata — ^havc been described. Primary car- 
cinoma is not common, but some of the so-called endotheliomata (or 
mesotheliomata), which have been described as occurring in the peri- 
toneum, seem to be of this nature, and a primary colloid cancer of the 
peritoneum is recognised. 

Secondary growths of cancer are of common occurrence. Some of 
these arise by direct and continuous spread from colloid or other cancers 
of the stomach and of the intestines. True secondary or metastatic 
growths occur in association with cancer of the ovaries or other 
pelvic organs. Occasionally, wide-spread miliary nodules are met with. 
This acute carcinomatosis is always a seermdary manifestation, and is 
probably due to the infective material being diffused by the fluid in the 
peritoneal sac, aided by the peristaltic movements of the intestine, the 
cancer-cells entering stomata and being carried to the sub-peritoneal 
tissues. The cancer-nodules are frequently flat and firm, and have 
a pearly lustre. They are, as a rule, specially numerous on the great 
omentum, and on the appendices epiploicae, which are both highly 
absorbent structures. The abdominal surface of the diaphragm generally 
shews a great number of the cancer-nodules, and, as the lymphatics 
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of the diaphragm qommunicate freely with those, of the pleura/ spread 
to the latter structure frequently takes place. 

Chylous cysts, due to obstruction and distension of the lacteals, are 
sometimes seen on the surface of the intestine. 

PARASITES 

Hydatid cysts are the only important animal parasites of the 
peritoneum. 



CHAPTER XX 


DISEASES OF THE LIVER 

B&ief reference must be made to some of the more salient anatomical 
facts in relation to the structure of the liver, as these have an important bear- 
ing upon the pathological conditions found in the organ. The fibrous capsule 
which lies under the serous coat is very thin and transparent, and is continuous 
with the delicate supporting stroma of the organ. At the portal fissure, it 
becomes continuous with Olisson’s ca})sule — the fibrous tissue which enshcathes 
the branches of the portal vein, the hepatic artery, and the bile-ducts. 

The liver-substance is composed of a multitude of })olyhedral lobules, 
each lobule being composed of a mass of cells which appear to be more or 
less radially arranged about the central ])oint of tlie lobule. The branches 
of the portal vein, the hepatic artery, and the bile-ducts, extend in the sheath 
derived from Glisson’s capsule, to the periphery of the lobule. The branches 
of the portal vein (inter-lobular veins), by which most of the blood comes to 
the liver, send capillaries into the lobule, and these at the centre open into 
the central or intra-lobular vein . These intra-lobular veins unite to form larger 
veins, the sub-lobular, which open into the hepatic veins. Between the 
capillaries, lie the rows or columns of hepatic cells ; and, separating these 
blood-channels from the liver-cells, there arc at jilaccs the stellate cells of 
Kupffer. The function of these cells and their relation to the liver are still 
doubtful. The capillaries probably have a delicate wall composed of endo- 
thelial cells, but it is a matter of dispute as to whether the latter lie directly 
in contact with the liver-cells or are sei)arated from them by a delicate layer 
of fibrous tissue. The study of the various pathological changes to which 
these structures are liable, leads one to believe that this connective-tissue 
layer must exist ; but, in the normal liver, if present, it is so delicate that its 
presence cannot be satisfactorily demonstrated by our present methods of 
staining, and its existence is denied by many eminent histologists. 

The larger bile-ducts are lined with columnar epithelium, and the smaller 
channels, with cells of a cubical type. The biliary capillaries, which are lined 
with delicate flattened cells, originate within the liver-lobules, and their primary 
tributaries seem to be formed by the hepatic cells themselves. 

MALPOSITIONS and MALFORMATIONS :~ 

The hver may be transposed in cases of general transposition of the 
viscera {see fig. 341). Abnormalities in the arrangement of the lobes, 
and the presence of accessory lobes and sulci, are of anatomical, rather 
than pathological, interest. Displacements are frequently observed, the 
hver being displaced either upwards or downwards, and the suspensory 
ligament often elongated. The hepatic artery may be doubled ; or the 
ductus venosus remain patent. 

ACQUIRED DEFORMITIES and DISPLACEMENTS, such hs those 
produced by the pressure of tumours or of fluid accumulations, are 

789 ' ^ 
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common. Pressure on ^the lower part of the thorax, such as is brought 
about by tight-lacing or by prolonged wearing of a tight belt, causes a 
flattening of the liver, and the production of transverse grooves, especi- 
ally in the right lobe. At the bottom of such grooves, the capsule is 
thickened, and there is considerable atrophy of the liver-tissue. These 
grooves may be well defined and so-called “ artificial lobes ” of the 
liver be produced, these lobes being, in extreme cases, attached to the 
main part of the organ by only the thickened capsule, fibrous tissue, 
and vessels (see fig. 357). Depressions corresponding with the lines of 



Fig. 357. — Liyrr. yiiewing Atroi)liic Sulci, the rosult of prossuro. 

the ribs are frequently seen. Antcro-posterior atrophic sulci may occur 
upon the upper surface of the liver, as the result of increased intra- 
abdominal pressure (see fig. 357). 

Perihepatitis. — ^This condition, which is not necessarily due to actual 
inflammation, is very common. The capsule is thickened in varying 
degree, and extensive adliesions between it and the adjacent organs 
or tissues are sometimes found. It results from any chronic irritative 
condition in the peritoneal cavity, such as the continued accumula- 
tions of ascitic fluid or of pus. It occurs to a marked degree in 
acquired syphilis of the liver, and is seen also in chronic enlargements 
of the organ, and in cases of cirrhosis. It sometimes results from healed 
tuberculous peritonitis. 
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REGENERATIVE CHANGES IN THE LIVER i;— 

It has been shewn by experiment that, if onc-half or even three- 
quarters of the liver of a rabbit be removed, repair takes place very 



Fio. 358 . — Multilobular Cirrhosis of the Liver, with largo, projecting, comparatively smooth 
nodules. Those latter aro areas of componsatory or complementary hypertrophy. 

rapidly, and that the organs may regain its ordinary size — the newly- 
formed tissue being, in the main, indistinguishable from liver-tissue. 
Mitotic 6gures are easily demonstrated in the newly-formed tissue, and 

1 Lindsay Milne, Thesis for Degree of M.D., University of Edinburgh, 1908; 
and Brit, Med, Jour., October 17, 1908, p. 1169. Turnbull and Worthington, 
Archives of Pathological Jnsfitule, London Hospital, 1908, vol. ii., pp. 35 et seq. (Older 
references are given in both of these communications. ) 
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there seems to be no reason to doubt that the repair takes place by a pro- 
liferation of liver-cells. The part played by the bile-ducts in this new 
formation is more uncertain, but, from the most recent work on the 
subject, there is a considerable amount of evidence that the cells lining 
the bile-ducts may be transformed at any rate in certain areas — 
though it may be, imperfectly — ^into secreting hepatic cells. 

These regenerative changes arc very common in pathological conditions 
of the liver, especially in cases in which there is any destruction, with loss 
of function, in the secreting cells of the organ. Thus, in acute and sub- 
acute liver-atrophy, in chronic venous congestion, in abscess-formation, 
in cancer, in cirrhosis, etc., there may be seen, microscopically, ir|:egular 
areas in which the liver-cells slain somewhat intensely, shew an atypical 
arrangement, are irregular in size and shape, and exhibit active pro- 
liferative changes. Mitotic figures in tin', proliferating cells are often found. 
These are undoubtedly regeneration-areas, and are probably to be regarded 
as compensatory in nature. The iicw bile-ducts, which occur, apparently 
in excess, ^in some of the pathological conditions mentioned above, 
appear to arise by ])ro]iferation from pre-existing bile-capillaries, though 
some authors still hold that they arise from liver-cells. Lindsay Milne 
opposes both views, and is of opinion that the a])pe,arances suggesting 
the occurrence of proliferation of bile-ducts are really due to the flattened 
epithelial cells lining TYunute pre-existing bile-channels becoming swollen 
and cubical in form and thus more appaicnt. 

CIRCULATORY DISTURBANCES 

(а) Pale (ANEMIC) patches are frequently seen on the surface or in 

the substance of the liver, and are the result of pn'ssiire by the ribs or 
by neighbouring visceia usually after death. 

(б) ACUTE CONGESTION occurs in various toxic and septicsemic 
diseases. As cloudy swelling (q.v.) supervenes, the pieviously congested 
vessels become emptied of their blood by the pressure of the swollen 
liver-cells. 

(c) CHRONIC VENOUS CONGESTION results from obstruction to the 
circulation in the liver. The commonest cause is valvular disease of 
the heart), especially mitral disease ; but it may also result from obstruc- 
tion to the pulmonary circulation, or pressure on the inferior vena cava 
at its upper part. There is produced a general engorgement of the 
venous circulation, not in the liver alone, but in other organs as well. The 
liver at first increases in size, becomes much firmer in consistence, and is 
darker in colour. On section, the hepatic veins are greatly dilated, and 
the dark central veins of the lobules, surrounded by lighter areas of 
liver-cells, may be seen. At later periods, fatty changes take place^ in 
the cells, and an irregular mottling of the surface is observed — ^the 
yellowish, fatty areas alternating with the dark-red congested parts. 
Yellowish or greenish bile-staining also occurs. On account of this 
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mottling and variegation in colour, and the resemblance to the cut surface 
of a nutmeg, the term nutmeg-liver has been apphed to the condition. 
As the process advances, there is considerable atrophy of the liver-cells 
from compression between the distended vessels, and a reduction in the 
size of the organ takes place. The dark, congested areas, seen on section, 
become more pronounced — from progressive involvement of the capil- 
laries around and opening into the central vein — Whence the name central 
red atrophy applied to this stage of the disease. The capsule usually 
becomes thickened and wrinkled, and, frecpiejdly, lias a morocco-leather 



Fio. 359. — Liver, (lironic Venous C’origestioii. Section on lol't — early stage, shewing 
the largo diUitoil hepatic veins, etc. 'I'hc small dark spots are the areas of central 
red atrophy round the central veins. The other eetitipns shew more advanced stages, 
with a greater extent of vascular dilatation, the darker areas being confluent. 

appearance, resembling that seen in fine cirrhosis. The distribution of 
the change is often unequal, being, in many cases, most marked in the 
distal portions, especially of the left. lobe. Localised areas are also 
common, as a result of local obstruction to the hepatic veins within the 
lively e. < 7 . from the pressure of tumours, etc. 

On microscopical examination, in tSftli^rly stages (fig. 360), the central 
vein of the lobule is distended and its walls are thickened, the capillaries 
adjacent to it are also engorged, and there consequent atrophy of 
some of the intervening liver-cells. Yellowish granules of blood-irigment 
are found in varying numbers in this region. In the later stages (fig. 361), 
there may be merely a narrow zone of liver-cells surviving around the 
portal tracts, and even these cells may shew advanced fatty changes. 
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The remaining part of the lobule is made up of distended capillaries, the 
walls of which are thickened, and between which the liver-cells have 
completely disappeared. Blood-pigment is usually present in con- 
siderable amount. Any increase of fibrous tissue found in the liver in 
cases of uncomplicated chrojiic venous congestion is due merely to a 
thickening of the walls of the venules and capillaries as a result of long- 
standing dilatation. In such uncomplicated cases, there is no over- 
growth of fibrous tissue extending cither from the portal tract, or from 



Fia. 300. — Lirer. Itijxrly stage of C/hronie Venous Congestion, showing dilatation of contra 
veins and of capillaries, an<l deposit of blood-pigment. Note portal tract with 
largo vein at right-hand upj)er comer. X 50. 


the rest of the fibrous-tissue framework of the liver. We, therefore, 
consider it incorrect to state that cirrhosis of the liver may be a sequel of 
chronic venous congestion. Irregular areas of atypically arranged 
liver-cells shewing mitosis, etc., are commonly seen in advanced cases 
of chronic venous coitgestion . From the researches of Turnbull,^ Lindsay 
Milne, 2 and others, there seems no doubt that these are areas of attempted 
restoration or regeneration of liver-tissue. 

^ Turnbull and Worthington, Archives Path. Inst., London Hospital, vol. ii., 
1908, pp. 35 et seq. 

^ Lindsay Milne, Thesis, University, Edinburgh, 1908. 
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(d) EMBOLISM and THROMBOSIS of the PORTAL VEIN —Though 
these conditions arise as a result of pressure on, or invasion of, the 
vein by tumours, etc., they arc usually the result of the detachment of 
portions of an infective thrombus, or the direct extension of this thrombus 
from one of the radicles of the vein — especially a mesenteric vein — in 
cases of septic enteritis, appendicitis, inflamed haemorrhoids, or other 
infective conditions in areas from which the portal blood comes. The 
blocking of the vein may cause complete necrosis of the central two- 
thirds of the lobules, though, in some cases, comparatively little damage 
to tTic liver-tissue results — the nutrition of the cells, especially those at 
the periphery of the lobules, being maintained by the liepatic artery. 



Fia. 3(U. — Liver. Clironic Venous (W^ostion, adv^anced stajjo, shcwini^ atrophy of livtu*- 
colls at tho centros of the lobulos. Colls round the i)ortal spaces arc not involved, x 3U, 

If the condition beconuvs chnmic, tliere is usually abundant proliferation of 
the connective tissue, and, perhaps, leucocyte-infiltration, of the affected 
portal tracts. The sepsis, however, not infrequently extends into the inter- 
lobular and other branches of the vein, and these may become distended 
and infected, with the production of large irregular su])purative areas 
(pyle-phlebitis) and considerable destruction of the liver-tissue. The 
obstruction of the vein sometimes brings about a dilatation of all its 
radicles in the abdominal viscera, and produces a condition of passive 
hypersemia with ascites. If the thrombosis spreads backwards so as to 
involve any of the great tributaries of the portal vein, marked pathological 
changes may occur in the organs which they drain. 


On account of the free anastomosing channels, and of the fact that 
the liver-tissue is nourished largely by the portal vessels, embolism or 
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thrombosis of branches of the hepatic artery usually produces little 
change of importance — unless the plug be of an infective nature, in which 
case abscess-formation may result ^ — but hsemorrhagic infarcts of the hver 
have been described, and, in these cases, there has usually been thrombosis 
in many branches both of the hepatic artery and of the portal vein, or 
thrombosis in the portal vein with extensive degenerative (endarteritis 
obliterans), and therefore obstructive, changes in the hepatic artery, 

RETROGRESSIVE CHANGES IN THE LIVER 

In studying the retrogressive processes in the liver, it must always be 
borne in mind that changes due to decomposition take place very rapidly 
in the organ. Local alterations of colour are common — a bluish-black 
discoloration (pseudomelanosis) appearing, especially where the hver is 
in contact with the transverse colon ; and yellowish or pale ansemic 
patches shewing, as a result of the pressure of the ribs, etc. Gas- 
formation may occur after death. This is seen, in its most marked form, 
as an extejisive honey (xnnbing of the liver which occasionally results 
from infection with *5. aerogenes capsnialns. There seems very little 
doubt’ however, that, though the most active growth of this organism 
takes place after death, yet there are cases in ’W'hich the emphysematous 
condition of the liver produced by it is of anie-morlem. occurrence : e. g. in 
cases of gas- or emphysematous gangrene. The pseudo-cysts produced 
in this way are simjdy air- or gas-spaces without liquid contents. Their 
walls, formed directly of liver-tissue and without lining membrane, are 
dry and smooth, and the gas-producing organisms may be found in large 
numbers in the walls and adja(xuit liver-tissue. 

(«) ATROPHY of the liver-cells supervenes in old <age, and also in 
diseases which, either as a result of general toxic poisoning, or merely 
following interference with the absorption of food, cause general emacia- 
tion. Thus, the condition is sometimes seen to a marked degree in cases 
of phthisis, and in cancer of the stomach. 

Local Atrophy may result from pressure by tumours in the liver, by 
dilated capillaries in chronic venous congestion, by dilated hepatic veins, 
especially if near the surface of the organ, or by the swollen capillary 
walls in waxy degeneration. Obstruction of the common bile-duct, by 
causing dilatation of its tributaries, may also bring about pressure- 
atrophy of the liver-cells. Microscopically^ the liver-cells of the affected 
part become distorted, decreased in size, and usually pigmented. At 
later periods, they break down and disappear. 

(6) ACUTE LIVER- ATROPHY (or Acute Yellow Atrophy). — The 
aetiology of this rare disease is at present unknown, but it is more or less 
agreed that the liver-changes are produced by some poison in the general, 

^ Lindsay Milne {loc, ciL) finds that experimental ligature of the portal vein in 
rabbits, cats, and dogs, produce's rapid necrosis of the central two-thirds of the 
lobules ; whilst ligature of the hepatic artery produces no visible effect. 
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or perhaps more especially in the portal, circulation. It has been sug- 
gested that this poison may be produced by decomposition-processes in 
the stomach or the intestine, and that it may possibly be of the nature 
of a ferment which is capable of destroying the liver-cells. There seems 
to be, however, much evidence in favour of the view that the condition 
is an infective one. 

An identical, or, at all events, very similar, pathological process has 
been described in certain cases of syphilis which have died immediately 
or shortly after the injection of salvarsan or its substitutes. 

Acute liver-atrophy may be simulated to some degree, both clinically 
and pathologically, by certain cases of septicaemia, and by cases of 



Fig. 362. — Acute Liver- Atrophy (Acute Yellow Atrophy), showinir, at some parts, the 
entire absence of liver-cells, and, at others, degenorativo changes in them. Note also 
the apparent cellular character of the portal spaces. X 30. 


phosphorus- and ptomaine-poisoning; but, in studying the development 
of such cases, it is obvious that there are certain essential differences 
between them and true acute liver-atrophy. Thus, in cases of septicjBmia, 
and in phosphorus- and ptomaine-poisoning, the destruction of the 
hver-ceUs is a sequel of acute fatty changes; whereas, in acute liver- 
atrophy, the absence of fatty changes is usually — according to some 
observers, with whom we agree — ^a very striking feature of the disease. 
For this latter class of cases, where there is acute destruction or necrosis 
of liver-cells without preceding fatty transformation, i.e. the classical 
acute liver-atrophy, no definite cause has yet been discovered. 

The disease may appear at any age and in either sex. In some cases, 
^rturition seems to be a determining factor, but it does not play the 
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important part attributed to it by some authors. The condition is 
associated with the occurrence of jaundice. 

Morbid Anatomy. — In the early stages, it is said that the liver may be 
slightly enlarged. Very soon, however, it becomes shrunken and flabby. 
The capsule, on account of the degenerative shrinking of the substance of 
the organ, becomes wrinkled. On section, a variegated appearance is 
presented, brovmish-yellow or bright yellow jaundiced areas alternating, 
in a very irregular manner, with bright or dark red patches. These latter 
are areas in which the liver-cells have become disintegrated, and replaced 
by dilated capillaries and hajinorrhagic foci — \he former, i. e, the yellow 
areas, are the parts where the liver-cells, stained with bile, still survive. 
The changes are very unevenly distributed, and, though some areas are soft 
and friable, the section, as a whole, is usually somewhat firm and elastic. 
The gall-bladder generally contains only a small quantity of bile, or the 
contents may be colourless and ])e composed mainly of mucus; but there 
are no special changes in the gall-bladder itvself or in the larger bile-ducts. 

On microscopical examination, the liver-cells shew all stages of degen- 
eration. ’ At the beginning of the process, the cells are swollen, and more 
granular than normal. Gradually, the nucleus loses its power of staining 
with the basic dyes, the cytoplasm becomes disintegrated, and the out- 
lines of the cells indefinite — irregular, granular masses and debris remaining 
as the only residue of the degenerated liver-cells. Eventually, even this 
debris is absorbed, and the lobules of th^ liver are represented by masses 
of capillaries and the sn])porting structures. In these degenerated areas, 
crystals and granules of pigment, luematogenous in origin, are found, 
and also, sometimes, leucine and tyrosine. In some of the less acute 
cases (subacute liver-atrophy or subacute yellow atrophy), regenerative 
prcjcesses in the liver-cells are seen side by side with the degenerative ones. 

In the portal tracts in both acute and subacute cases, there is usually 
an apparent proliferation of the minute bile-ducts. According to Lindsay 
Milne, ^ these “ duct-structures ” are not produced by proliferation, 
from either liver-cells or bile-ducts, but are simply “ the becoming 
evident of the normal more resistant bile-channels connecting the liver- 
cell with an inter-lobular bile-duct.” “ Their epithelium tends to assume 
a cubical appearance in the same way as does the delicate lining of the 
air alveoli of the lung in interstitial pneumonia.” 

Numerous petechial hsoniorrhages are generally found in the skin and 
in the serous and mucous membranes. The urine may contain leucine 
and tyrosine. 

(c) POISONING with TRI-NITRO-TOLUENE (T.N.T.),2etc.— A condition 
very similar to acute liver-atrophy has been described as qpeurring among 

^ Lindsay Milne, Brit. Med. Jonr., October 17, 1908, p. 1169. 

® T.N.T., either pure or compounded with ammonium nitrate (amatol or 
ammonal), may be absorbed through' the skin or through the digestive tract, 
or by inhalation of its fumes or dust. It may cause dermatitis, neuro -vascular 
conditions, gastro-intestinal disturbances (especially gastritis and constipation), and 
occasionally, a very fatal form of ansomia (aplastic anaemia), as well as the liver- 
degeneration or “toxic jaundice” described above. 



DISEASES OF THE LIVER 


799 


munition- and aeroplane- workers — ^iii the former, because of the use of 
tri-nitro-toluene and its compounds, and in the latter, because of the 
presence of tetra-chlorethane in the “ dope ” or cellulose varnish which 
was at one time used for coating the wings of aeroplanes. The Uver, 
in these cases, is considerably reduced in size and may shew an iiTegular 
surface with the capsule wrinkled and thickened. On section, it presents 
a mottled appearance, red and yellowish or greyish areas being irregu- 
larly distributed, and the yellowish areas projecting above the reddish 
ones. 

On microscopical examination, the liver-cells shew all stages of 
degeneration, the most marked changes being near the centres of the 
lobules. The cells may be swollen, granular, or fatty, but a great many 
of them are necrosed and only debris left. The amount of fatty change 
varies in different cases. This, no doubt, depends ou the intensity of 
the poisoning — ^tJie more acute and rapid cases shewing only destructive 
and necrotic changes in the cells. The yellow areas re])resent the less 
advanced changes. In the red areas, tliere may be no trace of liver-cells, 
the tissue present represent ing the walls of the (capillaries and als® develop- 
ing fibrous tissue. This new fibrous tissue varies in amount and in 
the stage of development, and certain areas may be completely fibrous. 
Cellular infiltration in the portal spaces is sometimes a markcnl feature — 
the cells being of the lymphocyte-type and representing the early stage in 
the cirrhotic condition. The small bile-ducts around the portal tracts 
may appear to be more numerous than normal, and they frccpiently shew 
catarrhal (changes. Areas of regeneration are sometimes seen. The left 
lobe of the liver is usually more affected than the right. These deg(cn- 
erative changes arc due apparently to the dircc.t action of the poison on 
the cells of the liver, and not to any special lisomolysis. TIk'. jaundice 
results, in part at any rate, from the obstriuction caused by the catarrh 
in the small bilc-ducts. The blood, in this condition, may not shew any 
special changes, but there is frequently a diminutio]i in the number of 
leucocytes, though, in some cases, there is an actual increase of these cells. 
Fatty and other degenerative changes may also be found in the secreting 
Cecils of the kidney and in the myocardium. 

{d) CLOUDY SWELLING of the liver-cells occurs in connection willi 
all acute bacterial and toxic diseases. There is, usually, a preliminary 
congestive stage which, however, generally passes off as the capillaries 
become compressed between the swollen liver-cells. The liver is enlarged, 
and the hepatic cells appear more granular than normal. This granu- 
larity (p. 30) is largely due to a swelling of the cyto-rcticiilum. Albu- 
minous and fatty granules may be present. The liver-tissue is paler 
and more opaque than normal, the outlines of the lobules are obscured, 
and the substance is more friable. 

(e) FATTY CHANGES are common, both degeneration and infiltra- 
tion occurring, very frequently in combination {see Plate I, figs. 1 and 3, 
p. 42), Th6y are found especially in acute fevers, in septicaemia, 
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in wasting diseases, in acute alcohol-, phosphorus-, or chloroform- 
poisoning, in severe anaemias, especially pernicious anaemia, etc. They 
may follow, and be associated with, cloudy swelling. For descriptive 
purposes it is convenient to describe Fatty Degeneration and Fatty 
Infiltration separately. 

Fatty Degeneration. — The liver may be slightly enlarged, but, more 
usually, it is reduced in size. The substance is friable, and pale or yellowish 
— ^being, in acute cases, sometimes bright canary-yellow in colour. On 
microscopical examination^ t.he hepatic cells are found to be filled with 
minute droplets of fat, which are irregularly distributed throughout the 
cytoplasm — ^the nucleus of the cell remaining more or less central. * In 
the earlier stages of the process, the fat-globules are, in some cases, 
found specially towards the central j)art of the lobule, round the hepatic 
vein. Very often, however, the distribution of the change is throughout 
the lobule, a condition which is also seen in the later stages of cases in 
which it originally has been central. The particles of fat are usually 
small, but, especially in the more acute cases, they may coalesce to form 
larger globules. 

Fatty Infiltration. — Jn uncomplicated fatty infiltration, the hver may 
be increased in size, often to a considerable extent, and its edges rounded. 
The organ is unduly soft in consistence, and has a yellowish colour. In the 
earlier cases, especially if combined with chronic venous congestion, the 
lobules may be mapped out very distinctly, the pale yellowish periphery 
being in marked contrast with the red centre. In more advanced uncom- 
plicated cases, the lobular outline is lost. On microscopical examination^ 
the fat is seen in the form of large globules, especially in the peripheral 
zone of the lobule ; but, as the condition advances, the fatty droplets are, as 
a rule, found in all the cells from the periphery to the centre. The cells 
are swollen, and the nucleus is pushed to one side as a result of confluence 
of the globules. This condition is seen especially in cases of chronic 
alcoholism. Its occurrence in combination with chronic venous congestion 
has already been described. The condition is always associated with a 
varying degree of fatty degeneration. 

(/) WAXY or AMYLOID DEGENERATION in the liver is always 
associated with waxy degeneration in the spleen and the kidney, and 
perhaps also in other organs. The fine connective tissue in the walls of 
the hepatic artery may alone be affected, or the condition may be wide- 
spread, and affect almost the w^hole of the capillary network of the organ. 
All stages between these two varieties may be found. The hver is 
enlarged, sometimes very considerably, and the edges are rounded. 
It is firm and elastic in consistence. On section, there is a wax-hke 
translucence of the whole surface or, in some cases, of irregular areas. On 
microscopical examina^DDiai^ there is great thickening of the walls of the 
arteries and capillaxie#, the thickened tissues presenting a homogeneous, 
translucent appearance, and reacting with the special stains for waxy 
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degeneration (see Plate II, fig. 3, p. 58). The intervening liver-cells are 
greatly atrophied, and, in places, may have entirely disappeared. Fatty 
degeneration is frequently associated with the w^axy change. The 
change spreads sometimes to the walls of the portal and hepatic 
veins, and to the connective tissue of the j)ortal tracts. In spite of 
the very great thickening of the walls of the vessels, there is little, if 
any, obstruction to the blood-flowthrough the liver, and, consequently, 
ilih There is no hindrance to the outflow of bile, and, therefore, 
jaundice is not associated wdth the waxy change. 

o(S) pigmentary changes. — ^A n increased amouj]t of pigment 
may occur in the liver-cells in various diseased conditions. In all cases 



Fia. 3G3 . — Waxy or Amyloid Degvnctalton of Liver. "Plio lower parts of each section 
have boon treated witli iodine. Tiiree .specimens shew'ing diiloront typos of 
distribution of the change. 

of atrophy of the liver, an increase in pigmentation is found. In diseases 
in wliich there is breaking down of the red l)lood-cf)rpiiscles, the haemato- 
genous pigment accumulates in the liver-cells. Tins pigment may contain 
iron, either in loose, or infirm, combination. Tims, in pronounced anaemias, 
especially of the pernicious type, in septicsemias, etc., a pigment — ^htemo- 
siderin — ^which gives the chemical reactions of free iron, may be found in 
considerable quantities, especially in the peripheral zo7ic of the lobules 
(see Plate III, fig. 3, p. 74). In chronic venous congestion, the pigment 
is deposited in the cells of the central zone, and, in this hsomatoidin 
pigment, iron cannot be demonstrated by the ordinary chemical tests. 

In cases of malaria, a pigment derived from the red blood-corpuscles 
accumulates in the connective tissue of the port-al spaces, along the walls 
of the capillaries, and in the Uver-cells. In hemochromatosis, there may 
53 
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be a very considerable amount of pigment— iron-containing (hsemosiderin) 
and iron -free (hsemofuscin) in both the liver-cells and the connective tissue. 
In Jaundice, the bile-pigment, in the form of dark green granules or in 
crystalloid masses, accumulates both in, and external to, the liver-cells, 
giving to the liver a dark olive-green appearance {see Plate III, fig. 5, 
p. 74). In cases of poisoning with salts of silver, there may be an accu- 
mulation of the silver in the liver-cells. Sometimes, though very rarely, 
carbon-pigment is found in the portal spaces in cases of anthracosis. 

(//,) GLYCOGENIC INFILTRATION occurs, but has been sufficiently 
referred to in Chapter II, p. 53. 

(i) FOCAL NECROSIS in the liver is dealt with in Chapter III, p. 98. 

^‘INFLAMMATION OF THE LIVER’’ 

Acute inflammatory changes in the liver, apart from abscess-formation, 
arc said to occur commonly in tropical countries, and especially in cases 
of malaria. Reference has already been made to Acute Congestion and 
to Cloudy Swelling. 

SUPPURATIVE HEPATITIS (Abscess of the Liver) occurs in various 
forms : — 

(а) TROPICAL ABSCESS is sometimes found without active symptoms 
of dysentery, though in some of these cases, ulceration of the intestine is 
present. As a general rule, however, the presence of dysenteric ulceration 
is indicated by definite clinical manifestations, and the abscess is a 
secondary manifestation of the ulceration. The abscess ii\ the liver is most 
frequently a solitary one, but two or more, abscesses may be present, 
occurring in series, so that, on posi-7nortem examination, each may shew a 
different stage in the process of development. The abscess usually takes 
origin deep in the substance of the liver, and may gradually make its way 
to the surface of the organ, there giving rise to the formation of sinuses 
which open through the diaphragm or through the abdominal wall. The 
contents of the abscess, thick, creamy, and of a pinkish colour, consist of 
fragments of broken-down liver-tissue, with or without pus-cells. There 
may be no sign of inflammation in the surrounding tissue, but, in chronic 
abscesses, the wall shews a very definite formaition of cicatricial fibrous 
tissue. On microscopical examination, Entamoebce histolytica may, or may 
not, be found in the contents of the abscess ; but, in the necrosing liver- 
tissue forming its wall, they are always present and often in considerable 
numbers. The amoebse may also be found in vessels at some distance from 
the local focus. Secondary infection with various bacilli, especially those of 
the colon-typhoid group, and micrococci, is not infrequent. The amoebae 
pass to the liver from the intestine by way of the portal vein and its 
tributaries. 

(б) PYEMIC ABSCESSES are usually multiple, and may be widely 
spread in the liver, or localised to definite areas. They are commonly 
secondary to a septic phlebitis of the portal vein — ^the source of the infec- 
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tion being usually in the large intestine and appendix, and frequently 
causing, in the first instance, a septic thrombosis of one of the mesenteric 
veins. A similar condition is sometimes produced by direct thrombosis 
of the vein, which may arise as a result of ulceration into it, or of pressure 
on it, by a gall-stone impacted in the bile-ducts, or of the severe inflam- 
matory changes which may follow this cause, even where ulceration has not 
taken place. On the other hand, abscesses occur without thrombosis. 
Thus, in cases of pyaemia, the causal bacteria which are in the blood may 
become lodged in the liver, and give rise to abscess-formation. On 
microscopical examination, the contents of the abscess are seen to consist 
of degenerated and necrotic liver-tissue mixed with leucocytes of various 
kinds. The causal bacteria may also be found. 

(c) BILIARY ABSCESSES, or collections of pus in the biliary passages, 
result from retained secretion in the passages becoming infected, the 
obstructing agents being gall-stones, cancer, parasites, etc. In other 
instances, there may be a diffuse suppurative condition of the bile-passages 
(suppurative cholangitis). The infecting organism is usually one of the 
members of the colon-typhoid group. 

{d) Abscesses of the Liver due to infection with Sireplothrix actinomyces, 
or resulting from suppuration in hydatid cysts, and other causes, may 
also occur, but present no imjjortant features wliich distinguish them 
from similar abscesses elsewhere. 

CHRONIC INTERSTITIAL HEPATITIS (CIRRHOSIS) 

The pathological manifestations of this group of diseases vary, but, in 
all cases, the essential change is an overgrowth of the supporting connect- 
ive tissue of the organ- the new formation commencing almost always in 
the region of the portal spaces, where the fibrous tissue is normally most 
abundant. This increase of fibrous tissue may be confined to the periphery 
of the lobules, or it may spread into them, and so isolate masses of liver-ir 
cells. 

Causation. — ^The disease is usually the result of irritants carried to the 
liver by the blood, the nature of these irritants often being obscure. 
Alcohol in certain forms seems to be a very potent factor — ^the ordinary 
“ gin-drinker’s hver ” being a definitely recognised form of the disease. 
We have, however, seen cases in which the liver exhibited changes identical 
with those found in this variety of cirrhosis, where all possibility of 
alcohohe indulgence could be excluded ; and Greenfield and others have 
described the occurrence of a similar condition in the liver of the cat. 
The condition may occur secondarily to infective diseases, such as leprosy, 
syphilis, malaria, etc., and a similar cirrhotic change in the liver maybe 
found in young subjects, especially after scarlet fever. In the cirrhosis of 
bronzed diabetes or hsemochromatosis, the irritation caused by the pigment 
seems to be an important agent in producing the overgrowth of the fibrous 
tissue. 
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Irritation of the biliary passages in the liver also brings about this 
overgrowth, and it has been said — ^though there is little evidence in support 
of the statement — ^that the direct passage from the intestine, by way of 
the bile-passages, of bacteria, the products of bacterial activity, or the 
products of disordered intestinal metabolism, may have some share in 
the production of biliary — or what Mallory calls “infectious’’ — cirrhosis. 
Ill the majority of cases, it seems more probable that the irritation is 
brought about by toxic substances which reach the bile-passages directly 
from the blood-stream. The distribution of the fibrous tissue in the 
liver is determined by the nature of the irritant, the manner ot its ' 
introduction, and probably, to a greater degree, by the extent and 
characters of the lesions produced by it — especially its effects upon 
the liver-cells. 

For many years, pathologists have regarded this fibrous-tissue over- 
growth as the primary lesion in cirrhotic conditions of the liver ; but recent 
researches, especially those in which experimental methods have been 
employed, conclusively prove that, though such “ irritative ” overgrowth 
may result, to a certain extent, from the direct action of the irritant upon 
the pre-existent fibrous tissue, yet the essential and most important action 
of the toxic substances is on the liver-cells themselves. According to the 
rapidity or chronicity of the destructive changes in the liver-cells, according 
to the extent and distribution of these changes, and according to the 
capacity or otherwise of the cells to undergo regenerative and reparative 
processes, so will be the nature and distribution of the resulting histological 
lesions. 

Thus, in the so-called “ acute liver-atrophy,” the destructive processes 
in the liver-cells arc rapid, wide-spread, and in excess of the reparative. 
In “ subacute liver-atrophy,” which is due usually to recurring acute 
attacks of less severity, the patient survives long enough to allow of a 
considerable amount of repair to take j)lace. In multilobular cirrhosis, 
due to the action of some toxic substance such as alcohol, the damage to 
the liver-cells is long continued and gradual; and it is the cells at the 
periphery of the lobules that are, from their position, specially liable to 
such damage. Many of them are destroyed, and, if they are not replaced 
by proliferation of the liver-cells themselves — a process which is usually, 
in such cases, somewhat imperfect — ^their place is taken by the tissue 
which can most readily undergo prohferation, viz. the connective tissue 
of the portal tracts, which, accordingly, gradually and progressively 
replaces them. 

Thus, to sum up the position : though, in some cases of fibrous over- , 
growth in the liver, it must be admitted that the irritant'^acts directly on ■ 
the connective tissue, causing it to prohferate, there seems no doubt that,|, 
in the majority of cases, the primary change is a destruction of the liver-# 
cells. This is followed by a certain degree of regeneration, which, however, 
is inadequate to the needs of the organ; and, as a sequel, what may be| 
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regarded as a compensatory, or rather complementary, overgrowth of 
fibrous tissue takes place. 

COMMON CIRRHOSIS (Polylobular or Multilobular Cirrhosis, Alcoholic 
or ‘ ‘ Hobnail ’ ’ Cirrhosis, 

“ Gin-Drinker’s Liver”). — 

In this form of cirrhosis, the 
overgrowth of fibrous tissue 
appears to be related especi- 
ally to the distribution of 
the portal vein in the liver. 

In the more acute mani- 
festations of this disease, 
the newly-formed fibrous 
tissue may be wide-spread 
in its distribution, and 
extend for some distance 
into the peripheral part of 
the lobule. The liver is 
usually enlarged, and shews 
very slight irregularity 
of surface — ^in fact, in the 
early stages of the process, 
the surface is comparatively 
smooth. On section, the 
fibrous tissue is widely 
spread and somewhat cellu- 
lar in character, and it 
isolates areas of liver-tissue 
which vary considerably in 
size — some corresponding 
with single, some with 
several, lobules. There is 
extension of the fibrous 
tissue into the peripheral 
zone of the lobules, with 
also a proliferation — or an 
apparent proliferation ^ — of 

the small bile-ducts. Fatty 364.~Common or Polylobular Cirrhosis of 

, , , iho Liver, showing “ hobnail " appearance of 

changes are almost con- the surface. 

stantly present in the liver- 

cells. This condition is frequently associated with jaundice, and hence 
is often classed with the ‘‘ Hypertrophic Cirrhosis ” of Hanot. 

Usually, the condition is chronic, and constitutes the form of 

1 See pp. 791 and 798 for Lindsay Milne's interpretation of these apparently 
proliferative changes. 
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atrophic cirrhosis or hobnail ” liver. The liver, which at first may be 
slightly enlarged?^ soon becomes contracted, irregular on the surface, and 
extremely hard. The elevations, which are composed of areas of liver- 
cells, are often yellow in colour from fatty changes. On microscopical 
examination, there is marked proliferation of the fibrous tissue round the 
inter-lobular branches of the portal vein. This fibrous tissue is densair^ 
character, and usually surrounds several lobules of the liver, hence it is 
termed multi- br poly-lobular cirrhosis. Some invasion at the margin is 
usually seen, and thus, small, irregularly rounded areas of liver-tissue 



Fig. 365. — Common or Polylobular CirrhoHis of the Liver. x25. 

become isolated. The liver-cells shew fatty and other degenerative 
changes, and may, in certain areas, be extensively atrophied. Mallory ^ 
describes a form of necrosis of the liver-cells, which he claims is character- 
istic of alcoholic cirrhosis. The cells are swollen, and an irregular, coarse, 
hyahne network appears in them. This may occur at scattered points in, 
or be widely diffused throughout, the liver. After the hyaline change has 
reached a certain degree of intensity, the cells become surrounded and 
invaded ,by numerous polymorphonuclear or mononuclear leucocytes, 
^l^rlich dissolve the cell and bring about its disappearance. Side by side 

Mallory, Prindphs of Pathologic Histology, W* B. Saunders Company, 1914, 
504. 
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with, the destruction, active regeneration takes place, and a proliferative 
activity of the fibroblasts leads to the increase of Connective tissue. 
In practically all cases, atypical areas of liver-cells, in which the cells are 
grouped in thick irregular columns, are seen ; and, in these, the individual 
cells may be of considerably larger size than normal, and may shew mitotic 
fighres. These are areas of regeneration, and are probably compensatory 
in nature. It is still uncertain whether the newly-fonned liver-cells 
originate from bile-duct epithelium or from pre-existing liver-cells, the 
latter being their more probable origin. The bile-ducts may shew a 
certain degree of proliferation, but are not obstructed, 
is not a usual result of this form of cirrhosis, There is considerable 
obstruction to the flow of blood through the portal vessels, and, unless 
such supplementary channels as the ductus venosus or remnants of the 
umbilical veins are patent, or unless anastomosing channels between the 
vessels in the diaphragm and those in the capsule are established, an 
accumulation of fluid takes place in the abdomen (ascites). Attempts to 
establish this collateral circulation by the production of adhesions 
between abdominal wall, t he capsule of the liver and the omentum have 
been made by surgeons. 

The veins at the cardiac end of the stomach become dilated and vari- 
cose, and rupture of these is one of the common causes of hsomorrhage 
from the stomach in this condition. Ilsemorrliage from the rectum is 
more frequent, and is due to the rupture of varicose liaemorrhoidal veins. 

Associated with the cirrhosis, there is very frequently catarrh of the^ 
stomach and the intestine. The spleen is ^generally enlarged, and its 
capsule thickeiu'd. 

BILIARY CIRRHOSIS.— This condition usually results from obstruc- 
tion to the outflow of bile. The retained siibstances, acting as an irritant, 
bring about proliferative overgrowth of fibrous tissue, especially round the 
obstructed passages. The causes of the obstruction may be calculi, 
stricture, pressure from without by glands or tumours, etc. A prolonged 
catarrhal condition, as a result of the passage along the ducts of bacteria 
or other infective agents, may also bring about obstruction, and the form 
of hypertrophic cirrhosis of Hanot is generally attributed to such a cause. 
Persistent jaundice generally occurs. The affected liver is usually en- 
larged — sometimes considerably so — ^the enlargement being uniform. The 
surface is either smooth or only slightly granular. On section, the liver 
is deeply bile-stained, the consistence is firm, and an overgrowth of fibrous 
tissue is present. On microscopicial examination, the fibrous tissue is 
seen to enclose small areas of liver-tissue — ^mostly single lobules (mono- 
lohular) — ^and to send delicate strands into the lobules. The bile-ducts 
are generally dilated, and the bile-capillaries appear to shew evidence of 
multiplication, though, as has been already stated, lindsay Miln^ suggests 
that this appearance is to be interpreted as due rather to swelling of the 
flattened endothelial-like cells lining the minute biliary channels running 
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between the columns of liver-cells, a process which occurs as the interven- 
ing liver-cells at the periphery of the lobule are destroyed. These biUary 
channels are thus rendered more prominent, and their cells become more 
or less cubical in shape — a change analogous to that occurring in the 
endothelial lining of the pulmonary alveoli in (dironic interstitial pneum- 
onia. In this variety of cirrhosis of the liver, the fibrous tissue is usually 
less in amount and more delicate than in polylobular or common cirrhosis. 
In certain cases, especially where the obstruction is absolute, decom- 
position-changes may take place in the bile, and a necrosis of the liver- 
cells, simulating acute liver-atrophy, may follow. 

MALARIAL CIRRHOSIS is usually described as being monolobular 
in type, with the liver small and very irregular in its appearance, re- 
sembhng the condition seen in alcoholic cirrhosis. By some authors, this 
form of cirrhosis, which undoubtedly occurs in certain cases of malaria, is 
regarded as quite independent of, and not caused by, the continued 
malarial attacks. It is practically impossible, in any given case, to 
exclude all the other jMissible and well-recognised causes of cirrhosis, and, 
therefore, the actual proof of tlie existence of a definite malarial 
cirrhosis ” cannot, as yet, be regarded as definitely established. 

CIRRHOSIS DUE TO KALA-AZAR was described, in 1008, by 
Leonard Rogers, who found varying degrees of the condition in about 
one quarter of all cases of this disease. In a series of adult cases of 
chronic kala-azar, investigated by Nattau-Larrier in India, it was found 
that the hepatic fibrosis might be either insular or diffuse, the latter 
form being a fine peri -capillary fibrosis, closely resembling the inter- or 
mono-cellular cirrhosis of congenital syphilis (see below). The parasites 
may be demonstrated in the fibrous tissue of the lesions. 

CIRRHOSIS DUE TO FLUKE-WORMS.- Secondary fibrosis may 
spread into the liver-tissue from the infected bile-ducts, in cases of 
lielmintliiasis due to Fasciola hepaiica (Disloma licpalicmn), as reported 
by Fischer in China; and cirrhotic changes have also been described in 
infections of the portal veins with Schistosoma ja'ponicum, 

CIRRHOSIS FOLLOWING PERIHEPATITIS may affect the super- 
ficial parts of the liver-tissue. The capsule may be much thic^keried, 
and the fibrous bands, passing from it into the substance of the liver, may 
produce atrophy of the cells. 

SYPHILITIC DISEASE OF THE LIVER 

The changes in the liver in syphilis are usually very marked, and 
vary somewhat, according to whether the divsease be congenital or acquired . 

Congenital Syphilis, may, in infants, manifest itself specially in the 
liver, which is usually enlarged, and smooth on the surface. On naked-eye 
examination of sections, gummata, usually of small size, may be seen, and 
there are often present, in addition, rounded translucent areas which are 
connected with, the hepatic artery. On microscopical examination, diffuse 
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interstitial hepatitis is seen, the newly-formed connective tissue being 
highly cellular, and appearing to develop first between the liver-cells 
and the endothelium of the capillaries. The lobular outlines become 
indistinct, and the radiate arrangement lost — the cells being separated 
into small, isolated clumps by the diffuse spread of the fibrous tissue, 
— producing the so-called monocellular cirrhosis of Charcot. Gummata, 
having a structureless, caseous centre, or represented merely by cellular 
foci, may be present, and the translucent areas, referred to above, are 
seen to be nodules of granulation -tissue associated with end-arteritis or 
peri-arteritis of the hepatic arteries. Tn children which survive for a fpw 



Fk3. 308. — J^ivvr. a caso of (\)ngonital Sy])hilis, .shewing ciilfusc over- 

growtli of ecnmoctivo ti.sHiio (mter-eollular cirrhosis). x300. 

mouths or longer, fibrems cicatrices- -producing “lobed” rounded 
masses— waxy degeneration, aud perihepatitis, may also be fomid. In 
and around the miliary gummata, in the young granulation-tissue round 
the vessels, in the walls of the vessels, and in and around the liver-cells, 
the characteristic spiiochiEtes of syj)hihs (Spirochaita pallida) are seen, 
sometimes in enormoiis numbers. 

Acquired Syphilis. — In this condition, the changes are usually more 
locahsed than in the congenital form, and are especially marked towards 
the superficial parts. The usual evidence, of this form of syphilis 
is the presence of cicatrices, especially near the suspensory ligament. In 
some cases, the cicatrices are very numerous. At the bottom of 
these cicatrices, gummata, varying in size, and fibrous bands spreading 
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into the neighbouring liver-tissue, are often seen, though, in old- 
standing cases, they may become entirely absorbed and replaced by 
fibrous tissue. The gummata almost always shew a caseous centre, 
surrounded by a zone of fibrous tissue. Perihepatitis is sometimes present 
in an extensive degree, frequently giving rise to firm fibrous adhesions 
between the liver and the diaphragm, etc.; and tlie capsule may shew 
irregular thickening. Waxy disease, regular or very irregular in its 
distribution, is common {see fig. 11). 

TUBERCULOSIS OF THE LIVER 

’ Tuberculosis of the liver manifests itself in the form of minute greyish 
granulations, often just visible to the naked eye, and whicli are seen both in 
section and in the superficial parts under the capsule. Tlie latter variety 
may be part of a general miliary tul)erculosis, or of a localised tuberculosis 
of the peritoneum. These small tuberculous nodules, sometimes bile- 
stained, are frequently se(ui in the portal tracts, near, and often involving, 



— C-JiroiiitJ Tul)cr(iulous Nodiilcs ju ilio Liver. 


the bile-ducts. On microscopical examination, tlu'sc^ nodules present the 
usual cbaractoTS ol caseatioi^, otc. Htometimes the granulations are 
larger — from a sixth to a quarter ol au in(‘h iu diameter — and irregular in 
outline. The central part may soften and produce an irregular cavity, 
the walls of which are often bile-stained. These cavities are the so-called 
bile-cysts. In rare cases, tuberculosis in the liver spreads along the walls 
of the larger bile-ducts, producing obstruction and jaiujdice. Chronic 
tuberculous nodules of larger size, e. g. even as larg(^ as a hazel nut, though 
very uncommon in man, arc sometimes found {see fig. 3f39.) 

ECLAMPSIA. — In this condition, the liver shews characteristic hyemo- 
rrhages around the portal vessels and beneath the capsule. These are at 
first small, but tend to coalesce into larger areas. Fibrin forms round the 
red blood-corpuscles and is specially abundant close to the portal vessels. 
Following the htemorrhage, the injured liver-cells undergo necrosis — ^which 
may be focal or central. The focal areas are usually small, and either 
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mid-zonal in position or adjoining the hepatic or portal vessels ; the central 
necrosis may affect the larger part of every lobule. The necrosis may 
occur without the Inemorrhages and no definite relation between the 
the two has been established. 

ACTINOMYCOSIS 

Metastatic abscesses from actimnnycotic. foci in almost any part of 
the body are liable to occur in the liver. The parasite seems to be carried 
by the blood-stream, possibly in the leucocyt(\s. These abscesses may be 
iji the form of multiple granulomatous iiodules, but, moni frequently, they 
form definite; abscesses which burrow irregularly in the liver — the section 
of the organ presenting a sponge-like structure. The causal organism, 
Sireplollirix adrHoniyces, may be isolated from the pus or from the necrotic 
walls of the abscess. TJic j)iicrosco[>ical characters of such nodules and 
abscesses are descril)ed on j). 2 10. 

LEPROSY : — 

B. Icprm are usually found in enormous numbers in the endothelial 
cells of the liver in cases of leprosy, and, in some cases, definite granu- 
lation-tissue nodules are juvsent [ste p. 2)34). 



J‘'iu. 37<t. — Stncoiiui. Spconiliiry Nodiili's in 

TUMOURS 

Angiomas occur, generally on the surface of the organ, as dark red or 
purplish, slightly elevated areas, w^hicli are (‘ither eaicapsuled, or merge 
gradually into the surrounding liver-tissue. They vary in size, but are 
usually small and solitary. Occasionally they ore multiple, and may 
be found even in large numbers, not only on the surface, but sonie- 
times in the substance of tlie liver. On microscopical examination, the 
tumours are found fco b(; of the cavernous type {.see p. 320). 

Adenomas are solitary or multiple, and appear as nodular masses, 
with a varying degree of encapsulation. They arc frequently associated 
with cirrhosis of the liver, though they may occur quite independently 
of that condition. The cells forming the glandular structure of the 
tumour resemble those of the hepatic tissue proper, except that they are 
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Fia. il\.- Livcr Medullary l.e,uk;einia, showing infiUration with 
myelocytes, etc. X 400. 



Fig. m.— Liver. Lymphatic Leukaemia, shewing infiltration with 
lymphocytes. X 400. 
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usually larger. Some authors hold that these so-called adenomas are not 
true glandular tumours, but merely portions of liver-tissue which have 
been isolated or newly formed in the cirrhotic process. There seems little 
doubt that some of the primary malignant growtiis of the liver have their 
starting-point in such adenomas (ffee below). 

Primary sarcomas have been described, but are very rare; secondary 
sarcomas, especially of the small round-celled and the melanotic types, 
arc not infrerpient. 

Lymphomatous masses, resembling sarcomas, are seen in the interstitial 



373. — Uriiiiary Maligiuiiit Adouoiiia ot Liver, or Liver-colled Cancer. 


connective tissm^ of tlu' liver in some cases of leukaemia, and somewhat 
similar nodules nicay be found in cases ul iymphadenoma, 

A few cases are on record of adrenal tissue being present in the hver, 
and tumours may arise from this. 

Primary Cancer develops occasionally in Hie liver, sometimes originating 
in connection with the bile-ducts; though, more usually, it arises directly 
from the hepatic cells tliemselves (liver-celled cancers). Of the latter 
variety, most of the cases occur m connection with cirrhotic conditions of 


DISEASES OF THE LIVER 


815 


the liver and some at least, as noted above, have their origin in the 
so-called simple adenomas. 

In tumours of the bile-duct variety, the new growth usually forms 
one or more nodular masses which are adenomatous in type, the glandular 
spaces being lined by cylindrical, or more irrogiilarly shaped, epithelium. 
These' tumours gerierall}’’ remain localised, but occasionally give rise to 
secondary growt^hs. Sometimes, the growths arc very ra])idly produced, 
and extremely vascular. In the liver-celled type, the cells are arranged 



Fig. 374. -Primary lAvtr-ccJUd Cannr. Sliewing iiT(>gu]iir cohnnns of large eellH, 
resembling those of tlio liver, but with aberrations iii appi'araiice of the 
nucleus, etc. x 100. 

in mtisses or in thick irregular columns, and often sliew great 
irregularity in size and shape, thougli still maintaining a general resem- 
blance to the liver-cells from which they originate; the surviving liver- 
tissue, and, in some cases, the tumour nodules, may be deeply bile-stained. 

Secondary Cancers, spreading from the gall-bladder, may invade the 
liver; but most of the secondary growths attacking the hver extend to 
the organ by way of the portal circulation or by lymphatics, from tumours 
in the stomach, intestine, etc. The secondary nodules may be very 
numerous. They are usually irregular in shape, pale in colour, and, if 
near the surface of the organ, shew themselves as nodular elevations, 
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with, very frequently, a depressed centre (umbilication). On section, 
the centres of many of the nodules shew a yellowish area of necrosis. 
Ilaomorrhage into the tumour-tissue is of frequent occurrence. 

In microscopical characters, the secondary growths reproduce the 
characters of the primary tumours from which they originate — adenomas 
of the stomach or intestine giving rise to adenomas in the liver, a squamous 
epithelioma of the oesophagus forming a similar epithelioma in the liver, 
and so on. Deciduoma malignum or chorion-epithelioma may give rise 
to secondary growths in the liver. It is not uncommon to find cancerous 
infiltration in those portal vessels by which the infective material Ji as 
been conveyed. 

As a result of pnvssure upoii the hepatic cells, upon the bile-ducts, or 





Fia. S7r >. — hJnrcphaloid Cancer. Socou<lary Nodules ia Liver. The large nodule 
kIicws central necrosis. 

upon the portal vessels, atrophy, jaundice, and ascites may occur in 
cases of extensive tumour-growth in the liver; though, in some cases, 
there may be very extensive destruction of liver-tissue without jaundice 
or ascites being present. 

CYSTS IN THE LIVER 

It is not common to find true cysts in the liver, though cystic disease 
of this visciis is sometimes seen in association with cystic disease of the 
kidney. Such cysts are usually very minute, but may reach from an 
eighth to a quarter of an inch in diameter. They always result from the 
dilatation of small bilc'diicts. Large cystic spaces, due also to dilatation 
of the bile-passages, are sometimes seen throughout the liver. Con- 
genital abnormality at the outlet, or obstruction due to some chronic 
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inflammatory condition, with or without the presence of calculi, is the 
usual causal factor in these cases. 

Small pseudocysts occasionally result from the softening and absorption 
of necrotic areas of liver-cells. The occurrence of honeycombing of the 
liver from the formation of gas by putrefactive organisms has already 
been mentioned (p. 796), and cysts due to parasites, e,g, hydatids, are 
described on p. 407. 

PARASITES OF THE LIVER 

Hydatids of the liver have been fully described under Parasites 
(6•^;(5*p. 407). Abscess-formation, due to Entamceha histolytica, is referred 
to on p. 802. 

Fasciola hepatica {Distoma hepatiemn), Opisthorcis swensis {Disioyna 
sinense), and Dicrocoilium lanceatnm {Disfomuyn lanccolatvyyi) occur in 
the bile-ducts, and Schistosomum Iiccynatobuiyn {Distoma hwmaiohiuyn or 
Bilharzia hesmatobia) and S. japonicum in tlic portal v(‘ssels. A few cases 
of coccidiosis of the liver are on record. 


DISEASES OF THE GALL-BLADDER AND BILE-DUCTS 

ANATOMY 

The gall-bladder, at its neck, forms an acute angle with the cystic 
duct. This duct lies in the gastro-hepatic omentum, where it joins the 
hepatic duct to form the common bile-duct. The terminal half-inch of 
the common bile-duct is embedded in the wall of the duodenum and ends 
in the ampulla of Vater. This ampulla extends into a papilla which 
generally projects into the lumen of the duodenum. At its opening into 
the latter, where the duct is narrowest, it is surrounded by a sphincter 
which regulates the flow of bile. Two lymphatic glands lie in the gastro- 
hepatic omentum by the side of the bile-duct, and, if calcified, may bo 
mistaken for gall-stones. The common bile-duct in its second stage lies 
between the head of the pancreas and the duod(inum , The intra-hepatici 
ducts are formed by the junction of bile-capillaries, ai^d these connect with 
a fine intra-cellular network of channels which surround the nucleus of the 
cell, but do not enter it. The mucous membrane of the gall-bladder has 
a reticulated appearance, is lined by columnar epithelium, and secretes 
mucus. In the ampullary part of the common bile-duct, there are 
submucous glands lying in crypts and folds, which arc liable to infection 
and inflammation. 

JAUNDICE. — ^This is not a disease, but merely a symptom, and the 
pathological lesions associated with it are of some importance. The 
general or localised pigmentation which results from it is dealt with 
on p. 79. 

In obstruction of the bile-duct, distension, extending even into the fine 

54 
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'intra-cellular channels, is present in varpng degree. The bile is absorbed 
by the lymphatics, and makes its way into the hepatic blood. The 
■obstruction may be caused by foreign bodies or growths in the passages — 
e,g, gall-stones, tumours, etc. — new growths pressing on the ducts from 
outside, stricture or obliteration of the duct, or obstruction at the opening 
into the duodenum by catarrhal conditions. 

Catarrhal Jaundice. — In this condition, there is usually gastro-duodenal 
catarrh and an extension of this up into that ])art of the common bile-duct 
which is embedded in the intestinal wall. The mucous membrane is 
swollen, there is frequently a plug of inspissated mucus filling the ampulla 
of Vater, and the narrow pait of the duct at its opening into the duodenum , 
The papilla may be oedoinalous and congested. This condition of catarrh 
of the duod('uum and lower end of the bile-duct is attributed to errors in 
diet, to cold, etc. It is, however, so frequently associated with infective 
fevers, such as pneumonia, typhoid fever, paratyphoid, etc., that there 
seems reason to believe that many of the cases of jaundice which were 
supposed to be due to eiTors of diet, etc., arc really infective in origin. 
As we have already stated, there are crypts and folds in the ampullary 
part, of the common bile-duct, and, in these crypts, bacteria are likely to 
collect. Examination of the bile-passages in ‘^Carriers” of typhoid, 
paratyphoid, etc., prove the occurrence of the bacteria in the ducts and 
in the gall-bladder. The frequency with which jaundice occurs in typhoid 
and paratyphoid fever has led some aui liors to describe this form under 
the name of Enteric Jaundice. Duodenal catarrh is present in these cases, 
and there seems no reason to regard this coTidition as other than a variety 
of catarrhal jaundicic of bacterial origin. The duodenitis may be very 
marked, and the catairhal condition in the bile-passages may extend to 
the gall-bladder. The condition may occur in epidemic form, and the 
clinical features so closely resemble those seen in the fonn of jaundice 
called Spirochaetosis ictero-haemorrhagica (Infective Jaundice), that many 
of the cases which have been attributed to “ eutiuic ” infection may have 
been of this nature. At the same time, there can be no doubt that jaundice 
of a severe type may arise as a result of infection with B. typhosus^ 
B, paratypliosm A, or B. and, though less frequently, B. dysenterice; 
and their morbid anatomy is so similar that, in the absence of bacterial, 
serological, or protozoological evidence, it is practically impossible to 
differentiate between any of these conditions. In true enteric cases, the 
evidence seems to point to duodenal catanli, with spread of the catarrh 
into the bile-passages, as being a very common occurrence. This catarrh 
may be severe and hsemorrhagic and, in some cases,- is associated with a 
hsemorrhagic gastritis. 

Infective Jaundice. — ^An infective jaundice of children has been 
described, and attributed to a destruction of liver-cells and a setting free of 
pigment from them. A considerable number of cases of infective jaundice 
have, during the late war, been described as occurring among sdldiers. 
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Bertrand Dawson and W. E. Hume ^ state that, in the latter cases, the 
mucous membrane of the duodenum is very congested and oedematous. 
They attribute the obstruction to the swelling of the papilla. The bile is 
very thick and viscous. The spleen and pancreas shew no pathological 
changes of impoitance. In the kidneys, Innmorrhage occurs into the 
tubules; and the presence of sub-pleural haemorrhages, and haemorrhages 
extending into the lungs for about one inch, are very characteristic 
changes. The liver is bile-stained, but shews no other pathological 
changes. In cases described by Stokes, Ryle aiul Tytler,*^ however, the 
liver, though not enlarged, or altered in its consistence or colour, shewed, 
on microscopical examination, irregular areas iji which there was degenera- 
tion of the liver-cells, collections of polymorphonuclear leucocytes, and an 
accumulation of bile-pigment. In all their cases, there were multiple 
petechial hseniorrhages in the peritoneum, pleura, pericardium, and in the 
heart-muscle, especially in the sub-endocardial region. The kidneys were 
large, swollen and congested, and shewed multiple hamiorrhages into the 
tubules. In some of their cases, the intestine and the bile-passages 
appeared to be normal, but, in others, there were patches of congestion in 
the mucosa, especially of the duodenum. These writers, however, do not 
describe the extreme congestion noted in Bert.rand Dawson’s cases. 

C. J. Martin ^ states that in the form of infectious jaundice seen in 
Gallipoli, there was a systemic infection presenting close analogies to 
the severe form described by many observers as SjnrocJiwlosis iciero- 
hamorrhagica, but that there was no evidence that the condition was due 
to a catarrhal condition of the bile-ducts, or an extension of an inflamma- 
tory condition from the duodenum, as is usually the case in the jaundice 
due to paratyphoid infections. 

The reports of various observers, on the cases of infective jaundice, 
point conclusively to a definite infection in many cases with a 
spirochsete which seems to be identical with the SpirochcDfa (or 
Leptospira) iclerO'hcBmorrhagicB {see p. 366) isolated by Inada, Ido and 
others ^ from an epidemic and endemic disease characterised by fever, 
jaundice, haemorrhage, etc., and known as Weil’s disease, febrile 
jaundice, etc., to wliich they have given the name Spirochaetosis 
ictero-haemorrhagica. The spirochacte is present in the blood in the early 
stages of the disease, but in small numbers, and is entirely absent in the 
later stages. * It has been found in the liver, spleen, lymphatic glands, 
intestinal wall, adrenals, the bone-marrow, and kidneys, at autopsy; but 
careful search often fails to reveal the organisms. They may be very 
numerous in the kidney and may be found during life in the urine. 

If, during the first seven days of the illness, the blood from a typical 

1 Dawson and Hume, Quarterly Journal of Medicine^ vol. x., 1916-1917, p. 90. 

2 Stokes, Kyle and Tytler, LanceU January 27, 1917, p. 142. 

® Martin, Brit, Med., Jour., 1&17, pp. 455. 

« Inada. Ido, Hoki, Kaneko, Ito, Jour, Exper, Med., vol. xxiii., No. .3, 1916, 
p. 377. * 
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case is injected into a guinea-pig, the animal develops albuminuria, 
conjunctival congestion, jaundice and hsomorrhages ; and the spirochsetes 
are found in the blood, and may occur in large numbers in the liver. The 
pathological conditions found in the infected guinea-pig are comparftble 
with those found in the human subject, but the haemorrhage is more 
severe and more wide-spread in the lungs of the guinea-pig than in man, 
and the spirochaetes are always found in the guinea-pig when the inocula- 
tion gives a typical result. The spirochaetes in the blood are always extra- 
cellular, and in the organs they are rarely found in epithelial or phagocytic 
cells, but are present in the interstitial tissues. 

In the type of the disease seen in France, the tendency to haemo- 
rrhage is somewhat less marki'd than that found in Japan. Pagniez, 
who prefers, therefore, to call the condition, as it occurs in France, 
Spirochsetosis icterigenes, attributes the haemorrhages to certain changes 
which he found in the blood, such as prolongation of the coagulation- 
time, diminution in the number of platelets, and irretractibility of the 
clot. There is usually a more or less marked leucocytosis, which serves 
to differed tiatc the condition from Acute Liver- Atrophy. 

Jaundice due to Destructive Changes in the Liver-Cells. — ^Destructive 
changes in the liver-cells may occur in the types of jaundice already 
described ; but they are not distinctive, and may be present in only 
a minor degree, or abscuit altogether. There is, however, a burn of 
jaundice in which the changes in the liver are a prominent feature, 
e. g. that occurring in acute liver-atrophy, where actual necrosis of 
the liver-cells takes place, to a marked degree: in chloroform- and 
phosphorus-poisoning, where extreme fatty changes are found : in poisoning 
by tetra-chlor-ethane, one of the constituents of “ dope ’’ or cellulose 
varnish used for the wings of aeroplanes, which brings about fatty degener- 
ation, followed by necrosis, of the liver-cells : and in poisoning by tri-nitro- 
toluene (T.N.T.) and its compounds, which produces extreme degenera- 
tion and necrosis in the hver-cells. No doubt, in some of these cases, 
there is an additional causal factor — the destruction of the red cells, and, 
in some of the cases in which jaundice is a noted characteristic, this 
hsemolysis plays a very important part, e.g. 'm poisoning by arseniuretted 
hydrogen, snake-venom, etc. 

The pathological changes in the liver in these conditions are dealt 
with on p. 798. 

CHOLANGITIS AND CHOLECYSTITIS. Inflammation of the bile- 
ducts and Inflammation of the gall-bladder may arise independently of 
one another, or one may be secondary to the other. Moderate degrees 
of cholangitis are common — ^the inflammation in such cases being generally 
confined to a short portion of the bile-duct extending upwards for about a 
half to one inch from its opening into the duodenum. The conditiop^is 
usually one of catarrh, and the swelling of the lining membrane of the duct 
causes partial or complete obstruction to the outflow of bile, with 
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consequent jaundice. The condition may spread more widely, and may 
extend to the gall-bladder. 

The catarrhal form of cholangitis is generally the result of the direct 
spread of the inflammatory process from the duodenum; but it may 
occur as a result of the irritation of gall-stones ; and is sometimes found in 
the smaller ducts during some of the specific fevers, e.g, typhoid, pneu- 
monia, etc. In certain cases, suppuration takes place, the puruleni 
material extending wdely and involving the gall-bladder, which may 
become distended with pus — empyema of the gall-bladder. In some of 
thfi^e cases of suppurative cholangitis, there has been a pre-existing 
obstruction, with dilatation nf the passages, and accumulation of biliary 
products— these products becoming infected by bacteria derived directly 
from the intestine or reaching the passages by way of the blood. B. coli 
and B. fyphosvs are among the c.ommonest organisms found in such 
cases. 

During an attack of typhoid or paratyphoid fever, the gall-bladder 
frequently becomes infected by B, ty})hosys or B. paratypUosm —ihd 
cholecystitis set up being either catarrhal or suppurative. According to 
Sclieller,^ the bacilli are found in the form of capillary (unholi in t in* mucous 
membrane. The bacilli retain their vitality and virulence in the gall- 
bladder for a very consi(lerabl(‘. time after recovery from the acute attack, 
and it is ju’obablc that some of the recurrent cases of typhoid and para- 
typhoid fever are thus to be explained. More important, however, is 
the fact which has been eni])hasised by, amojig others, Dean, Ledingham, 
and Walker Hall, that the feces of such patiehts contain the bacilli, often 
only intermittently, and that, for years after an attack, these “ carriers ’’ 
are potential propagators of the disease. The source of some serious out- 
breaks of typhoid fever, especially in asylums, workhouses, and similar 
institutions, has been traced to these carriers. 

GALL-STONES (BILIARY CALCULI). —These are of frequent occur- 
rence, especially in people past middle hfc,andin those of sedentary habits, 
but they occur at any age. They are commoner in the female, and 
are formed in the gall-bladder, either by a process of crystallisat ion, or 
merely by a deposition of some substances contained in the bile, or produced 
by its decomposition. They are composed of cholesterin, bile -pigments, 
altered mucus, anef salts of lime and magnesia, in varying proportions—- 
some being almost pure cholesterol, the majority, how^ever, being composed 
of a mixture of this substance with bile-pigments. The cause of their 
formation is obscure, some authors attributing it to the action of bacteria; 
and it is not unlikely that some of the cases are associated with previous 
bacterial infection, e,g. old cases of typhoid fever, etc. Stagnation of 
the bile is, no doubt, an important predisposing cause, and catarrh of the 
gall-bladder may also play an important part by supplying, as it were, 

1 R. Scbeller, Centre^L f. Bakl , etc., Beilage zu Abt. i., Bd. xlii. Referate, 
October 27, 1908, p. 60. 
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a “ nucleus ’’ of mucus and shed epithelium, round, *and in, which the bile- 
pigment, etc., may collect. The calculi occur singly or in numbers. 

Of Solitary Gall-stones there are two principal varieties : — 

(а) Ovoid, somewhat translucent masses, smooth or slightly irregular 
on the surface, and measuring from a half- to three-quarters of an inch 
in diameter. These are easily cut or broken, and, on section, do not shew 
lamination. They are composed almost entirely of cholesterol. 

(б) Acorn-like masses, from one inch to one-and -three-quarter 
inches, or even more, in length, and having a smooth surface which 
is covered with mucus. These are often dark in colour, and, on section, 
shew distinct concentric lamination. They are composed of cholesterin, 
bile-pigments, etc. 

Multiple Gall-stones are much more common. There may be two or 



(NCMFIB IN TINTH^ 

Fig. 370 . — Large (JaJl-sion(,s. ]<’roni case of an elderly female, in wtiicli they ulcerated 
through into the transverse colon, and were passed per rectum — the patient recovering. 
(W. E. C. ]).’8 case, see Lancet, July 28, lOOh, p. 221.) 

three of these, or the numbers may reach hundreds. If few, they are, as 
a rule, comparatively large; if numerous, they are small. They are 
usually faceted, and the gall-bladder may be completely filled with them. 
They are brownish -yellow in colour, have a smooth surface, and, on section, 
present a central darkish nucleus surrounded by more or less regular layers 
Qf different colours — ^the lighter coloured layers being usually cholesterin, 
the others, combinations of bile-pigment with lime-salts. Extremely 
small calcuh, composed almost entirely of bile-pigment — ^biliary sand or 
gravel— may occur in enormous numbers. Small, soft masses — ^putty-hke 
in consistence, and usually dark in colour — are of frequent occurrence in 
the gall-bladder. They probably represent an early stagfe in the process 
of calculus-formation. 

The Gall-bladder is sometimes contracted upon the calculi, or a certain 
amount of bile or of a viscid mucous secretion accumulates around and 
between them. The wall of the gall-bladder is, tn some cases, much 
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thickened, and often shews evidence of chronic inflammatory changes ; and 
suppuration supervenes if infective organisms gain access. One or more of 
the gall-stones may pass into the cystic duct or into the common bile-duct, 
and give rise to obstruction, dilatation of the ducts, and obstructive 
jaundice. The calculus, if it reaches the common bile-duct, may pass into 
the duodenum, probably, in the majority of cases — unless of comparatively 
small size, when it occasionally makes its way entirely by the lumen of the 
duct — completing its passage through an o])ening which is the result of 
ulceration. Having passed ij\to t he intestine, the, calculus, if a large one, 
so-metimes produces obstruction. In a similar way, the gall-stone may 
ulcerate into the transverse colon. In some cases, ulceration takes 
])lace posteriorly through the wall of the duct, producing thrombosis 
of tlie portal vein, or even an abscess behind the duct, and 
peritonitis. Peritonitis is also produced by ulceration of the 
calculus through the wall of the gall-bladder into the peritoneal 
cavity. Or again, if the cakailus become impacted in the (jystic, or 
in the common, duct, it gives rise to considerable irritation, aud, in 
some cases, such an irritated area scioms to he the start ir»g-])oint of cancer, 
though, in many cases, it is ])Ossible that the two conditions, i. e. cancer 
and calculus-formation, may each be due to some unknown common 
cause. 

OBSTRUCTION OF THE BILE-DUCTS. -This condition is caused 
by the presence in the ducts of gall-stones, liydatid cysts, liver-flukes, 
etc. : by pressure on the ducts from out.side, by tumours, aneurisms 
of the* hepatic artery, enlarged glands, otc. : or by actual stricture 
of the duct by inflammatory chaugx^s, tin*, pn'scjice of malignant disease, 
etvC. Actual non-development of the ducts, or obliteration by cholangitis 
in utero, arc occasionally met with. 

The opening of the common bile-duct into the duodenum being very 
narrow, and the pressure of the bile being low, very slight inflammatory 
changes, such as are produced by a spread of catarrhal inflammation 
from the duodenum, may give rise to obstruction. The results of siieh 
obstruction are usually jaundice, considerable dilatation of the ducts 
throughout the liver— the amoujit depending on the position of the 
obstruction — and, in some cases, the production of biliary cirrhosis. 

TUMOURS. — The most important of the tumours arc cancers, which 
are generally primary, and originate in the walls of the ducts (p. 815). 
They are usually adenomatous in type. 

Secondary cancers grow round the walls of the ducts, and infiltrate 
them. 



CHAPTER XXI 


♦ DISEASES OF THE PANCREAS 

In its general struclure, tlio pancreas resembles a salivary gland, being 
made up of a number of glandular acini loosely held together by fibrous con- 
nective tissue. The duc.t s of these acini communicate with the main pancreatic 
duct (duct of Wirsung), which opens— usually along with the common bile- 
duct — into the duodenum. 

The main fumition of the pancreiis is the production of digestive ferments. 
According to Bayliss and Starling,^ the pancreatic secretion contains inactive 
trypsinogen, which, actvd u])on by the ferment, enterokinase, of the intestinal 
secretion, becomes active trypsin- —this union between the two ferments 
taking place in the duodenum. Besides try])sinogen, there are also present 
in the ])a.ncreati(‘. secr(‘tion at least two other ferments, amylopsin, which con- 
verts starch and glycogim into dextrin and maltose, and steapsin, which splits 
up the neutral fats into fatty acids and glycerine. 

Tlu'. ('.xact relations of the parKUcas to certain symptoms produced 
when it is diseased are impcrfec'.tly Imown. Total extirpation of the organ 
is followed by wasting, glycosuria, and polyuria, i. e. all the essential 
symptoms of diabetes mellilus; and these symptoms also arise in certain 
cases of disease, especially if accompanied by fibrosis of the organ. 

Obstruction of the Pancreatic Ducts. — The pancreatic duct (duct of 
Wirsung) usually ends, along with the common bile-duct, iii the ampulla 
of Vater. An accessory duct (the duct of Santorini) is present in a more or 
less developed condition in fifty per cent, of peo})le. The latter duct 
may open directly into the duodenum at a point nearer to the pylorus than 
the opening of the ampulla, and thus form a second channel by which the 
pancreatic secretion may enter the duodenum. Tumours of the head of the 
pancreas, gall-stones in the common bile-duct, aneurisms in neighbouring 
vessels, and pancreatic calculi in the duct itself, may cause occlusion ; and 
the part of the gland which is drained by this occluded duct may, if the 
obstruction is prolonged, become hard and shnmken. * On microscopical 
examination, such areas shew the pancreatic cells largely destroyed and 
replaced by scar-tissue, the acini having disappeared or having become 
dilated, and lined by flattened epithelial cells. If the duct of Santorini is 
patent, the part drained by it may remain healthy. The islands of 
Langerhans, which are not connected with the pancreatic ducts, remain 
uninjured and, in advanced cases, may be the only intact original glandular 
tissue left. 

^ Bayliss and Starling, Phil, Trans, Roy, ^oc. Land., 1§04, B, 197, p. 26. 
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Such chrouic interstitial pancreatitis, produced by ligature or ob- 
struction of the duct, may not give rise to glycosuria, even though the 
interstitial changes be very marked. Some authors hold that the islets 
of Langerhans have a special relation to the glycosuria, and state that, 
when these are fibrosed or rendered fimctionless in some other way, sugar 
is found in the urine, but, as long as they are intact, glycosuria does not 
occur. 

Absence or inadequacy of the pancreatic secretion interferes with the 
normal absorption of fatty substances in the intestine, and, in such cases, 
tho^tools contain excess of undigested fat. 

POST-MORTEM SOFTENING, due chiefly to auto-digestion is frequent, 
and the whole pancreas may become involved. Microscopically, the 
nuclei in the affected areas do not stain, and the cells undergo shrinkage, 
so that the connectives tissue becomes more evident. 

CONGENITAL ABNORMALITIES.^ — ^The presence of small accessory 
pancreatic glands in the omentum, mesentery, and elsewhere, is by no 
means uncommon. They may occur also in the thickness of the gastric 
or intestinal walls, where tiiey are sources of weakness, and where they 
may — ('sp(‘cial]y in the case of the intestine— lead to th(^ production of 
diverticula, at the distal ends of wdiich the small accessory glands may be 
found on section (Alexis Thomson). Tn rare jnstances, tumour-growth 
may arise from these supernumerary glands. 

WOUNDS OF THE PANCREAS allow the escape of pancreatic secretion, 
and this gives rise to necrotic changes in the fat of the omentum, etc. Cases 
have been described in which the ])ancreatic secretion has colled ed in the 
lesser sac of the j)eritoneum and given rise to a pseudo-cyst, 

HEMORRHAGE INTO THE PANCREAS may occur as minute 
petechias, or in the form of large ha*niorrhagic infiltrations. The former 
occur in purpura, scurvy, and in septicaimic and toxic diseases in general. 
The latter, however, are more important, and arc generally described under 
the term “ haemorrhagic pancreatitis.’’ In some cases, this condition 
is due to inflammation, and may, therefore, be a true pancreatitis; 
but, in the great majority of cases, inflammatory phenomena are not 
associated with it. Degenerative changes in the cells of the pancreas 
occur either as a preliminary to, or as a sequel of, the haemonhage. The 
cells arc swollen, the cyto-reticulum becomes more prominent, and the 
chromatin of the’ nuclei undergoes disintegration or abscuplion, witli 
resulting loss of nuclear staining. Among the causes of this condition 
are necrosis resulting from vascular degeneration, and fatty degeneration 
of the cells produced by alcoholism, toxaemia, etc. ; but, in many of the 
cases, the precise nature of the cause has not been established. The 
vascular degeneration may be marked, and may shew itself in the form 
either of atheroma, or of proliferative endarteritis. 

Haemorrhagic Infiltration results from the destructive changes 
produced by tumouiS, especially sarcomas and cancers; and it occurs, 
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though usually in a mijioi* degree, as a sequel of chronic venous 
congestion in cardiac disease, pulmonary disease, or cirrhosis of the liver. 
Further, scurvy, purpura, the infective fevers, and phosphorus-poisoning, 
though usually givijig rise to minute ha3morrhages, may also be the cause 
of larger extravasations; and haemorrhages from embolism, and aS a 
result of fat-necrosis, are said to occur. Injury of the pancreas may also 
be a cause of haemorrhage. 

Results. — ^Death usually supervenes from shock, or from pressure on 
the cceliac axis. If death is not thus suddenly produced, gangrene and 
extensive fat-necrosis result, not only in the pancreas but also in the'^ur- 
rouuding fat, especially of the omentum, as well as in the adipose tissue 
in oilier parts of the body. A chronic inflammatory change, with over- 
growth of fibrous tissue, follows in certain cases wdiere the primary 
haemorrhagic condition luis not proved fatal. 

AMYLOID OR WAXY DEGENERATION is rarely found in the pan- 
creas. FATTY DEGENERATION is common. PIGMENTATION may 
occur at the seaL of Inemorrhages, but is specially marked iji cases of 
‘‘ bronzed diabetes ” or haemochromatosis, and, in such cases, is associated 
with pigmentation in other organs, in the skin, etc. The pigment, in these 
cases, is partly in the form of an iron-fr(‘e compound, but is largely haomo- 
siderin, and may occur in enormous (|uantity and give rise to cirrhosis 
of the organ 

Areas of NECROSIS, varying in si;^.c, are prodiuied in the pajicreas 
as a result of hoDiiiorrhage or of inflammation; and a special form of tliis 
co!idition occurs, particuhuly in the fatty tissue of the pancreas and 
the omentum, and, in severe cases, in the extra-peritoneal, and even in 
the subcutaneous, fatty tissue. This fat-necrosis appears in the form 
of minute, greyish-Avhite or yellowish-white, opaque foci, or larger areas 
formed by the coalesccnice of these, and is usually associated with acute 
or chronic pancreatitis, tumour-formation, obstruction of ducts, injury to 
ducts, etc. Microscopically, the areas are more or less liomogcneous in 
appearance, and do not stain witli osniic acid — ^the fat having become 
disintegrated, and probably converted into a compound of a fatty 
acid united with a calcium base. The jiathology of this condition is 
referred to in Chapter III, p. 99. 

ATROPHY of the pancreas occurs in old age and in wasting diseases ; 
and, in those cases, is usually general throughout th6 gland. Localised 
atrophy may result from pressure, or from obstruction of the ducts. In 
some cases of diabetes luellitus, the pancreas is atrophied ; and, in 
carcinoma and in cirrhosis of the gland, there may be very marked 
atrophy of the secreting tissue. In cases of interstitial pancreatitis, the 
atrophy of the organ may be extreme. 

1 Beattie, “ Htemochromatosis with Diabetes Mellitus,” and Bact.^ 

Edinburgh and London, August 1903, p. 117. 
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INFLAMMATION OF THE PANCREAS : - 

Inflammation of the pancreas may be acute or cbrouic, and affects 
the glandular or the interstitial tissue. According to the statements 
of Mayo Robson and Cammidge,i the condition of pancreatitis, especially 
the interstitial variety, is much commoner than is generally recognised ; 
and they attribute to this disease of the pancreas many of tlie symptoms 
which are commonly regarded as being associated with gall-stones. 

The forms of pancreatitis usually described are- ~ 

1. ACUTE HEMORRHAGIC PANCREATITIS to wliich sudicient 
reto‘ence has alrea.dy been made. 

2. ACUTE SUPPURATIVE, GANGRENOUS, or NECROTIC PAN- 
CREATITIS -though it may result as an extension of septic processes 
in the neighbourhood, as, for example, from a gastric or duodenal ulcer 
— ^is sometimes primary, the infection coming a])parently from the in- 
testinal tract by way of the ducts. It has been shown experimentally that 
injection of substaiiccs such as sulphuric and nitric acid, artificial gastric 
juice, and suspensions of various orgfinisms, into the gland-*substance, 
directly or through the ducts, may give rise to necrotic, hiomorrhngic, and 
suppurative conditions. The pa.ncreas, in any of these conditions, is 
swollen and extremely vsoft, and shews a varying number of necrotic 
foci or gangrenous cavities. 

3. CHRONIC INTERSTITIAL PANCREATITIS.- Mayo Robson ^ has 
divided this chronic form as follows : — 

i. Interstitial Pancreatitis : - 

(tt) Inter-lobular. — In this, the inflammatory process is localised at 
t he periphery of the lobules ; and the cellular structure, with the islets of 
Langerhans, is affected only in the later stages. 

(6) Inter-acinar. — ^The new fibrous tissue is diffusely distributed and 
invades the lobules, separating the individual acini, and invading the islets 
of Langerhans. 

ii. Cirrhosis of the Pancreas, is a combination of intcr-lobular and 
inter-acinar cliangos, with very great overgrowth of fibrous tissue. 

In all the forms of interstitial pancreatitis, the pancreas, in the early 
stages, is hard and enlarged. On section, the amount of interstitial tissue 
is greatly increased. In the later stages, there is atrophy of the organ, 
and, on section, ^ery little of the glandular elements of the pancreas can 
be detected. Microscopically, the cells are atrophied or degenerated, and 
there is marked overgrowth of fibrous tissue, which may b(^ cellular, but, 
more commonly, is dense, fully-formed tissue. In some cases, the inter- 
stitial overgrowth may be so great that almost the whole of the secreting 
cells of the organ are destroyed. The islets of Langerhans may or may not 

1 Mayo Robson and Cammidge, The Pancreas : Its Surgery and Pathology, 
W. B. Saunders Company, Philadelphia and London, 1907. 

2 Mayo Robson, BrU, Med. Jour., 1904, vol. i. pp. 669, 719, 773. Mayo Robson 
and Cararaidgo, The Pereas : Its Surgery and Pathology, W. B. Saunders Company, 
Philadelphia and London, 1907. 
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be involved in the process ; and it has been suggested that the glycosuria 
which is frequently associated with interstitial pancreatitis may be caused 
by the involvement of these islets. There is, indeed, evidence that the 
pancreas produces an internal secretion which serves to maintain carbo- 
hydrate metabolism in a normal condition, and, in all probability, this 
secretion is produced by its islet-tissue. 

Localised areas of interstitial pancreatitis may occur. Thus, Lancer- 
eaux^ described a case in which the middle third of the pancreas was 
merely a fibrous cord, and the left lateral third much atrophied, ^his 
condition was associated with diabetes mellitus. • 

etiology of Interstitial Pancreatitis. — As already stated, it may be a 
sequel of the more acute processes, but, in most cases, the condition is 
cither subacute or chronic from the beginning. Obstruction of the 
pancreatic duct by pressure from without, or by ff)reign bodies, catarrhal 
processes, tumours, calculi, etc., from within, may give rise to interstitial 
changes in the organ. Thus, it sometimes arises as a result of gall-stones 
blocking the common outlet, ])ancreatic (calculi, tumours, or catarrh of the 
duodenum. Toxic products, of knowii or unknown nature, jnust be re- 
garded as important causal factors. Thus, cases have been recorded 
which seem to have arisen secojidarily to alcoholism, syphilis, purulent 
peritonitis, typhoid fever, ii\fluenza, mum])s, etc*. These toxic agents 
possibly act by producing gastro-duodcnal catarrh, which sprciads up the 
pancreatic duct. It has been shewn experimentally, by the injection of oil 
of tuipenline, alcohol, agar, and other foreign bodies, into the pancreatic 
duct, that sclerosis of the gland may be produced. In many cases, the 
cirrhosis of the pancreas is associated with cirrhosis of the liver. 

GRANULOMATA 

TUBERCULOSIS OF THE PANCREAS is rare. Miliary or solitary 
nodules are sometimes seeii, and the organ may be involved from 
neighbouring tuberculous glands. 

SYPHILIS may give rise, as has been stated, to interstitial pancreatitis, 
and involvement of the pancreas is commonest in the congenital form of 
the disease. It is frequently associated with interstitial overgrowth in 
other organs, as, for exam])le, in the liver and in the lungs. 

TUMOURS AND CYSTS 

Sarcoma is said to occur both as a primary and as a secondary growth, 
but it must be extremely rare. 

Primary Carcinoma of the scirrhus, encephaloid, or colloid type, is said 
to occur in the head of the pancreas with comparative frequency. All 
the cases we have seen, some of which have been described as primary 
cancers of the head of the organ, have been tumours which have started ap- 
parently in the glands of the neighbourhood, and secondarily invaded the 

1 Lancereaux, Bull, Acad, de Med,, Paris, 1877, series 2, tome vi., p. 588. 
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pancreas ; and therefore we are somewhat doubtful about the comparative 
frequency of primary tumours of this organ. Secondary invasion of the 
pancreas by cancers of the stomach or liver, is, hov/ever, not uncommon. 

Cysts of various kinds ma}^ occur : — 

(1) Congenital cystic disease, associated with cystic kidney, and some- 
times also with a similar condition in the liver, has been observed . 

(2) Retention-cysts, due to obstruction of the pancreatic , duct by 
calculi, cicatricial stenosis, pressure from without, or its involvement by 
malignant tumour of the head of the pancreas, or of the pylorus or 
duodenum, may occur. In a case seen recently by one of the authors, a 
very large retention-cyst in the tail of the ])aiicreas simulated, and was, 
before operation, taken to be, a considerably enlarged spleen. 

(3) Hydatid cysts are extremely rare, as are also cysts which result from 
the absorption of haemorrhage or of the products of necrosis. 


DIABETES MELLITUS 

The pathology of this dis(‘.ase is still obscure, but, in a certain propor- 
tion of cases, the condition seems to be definitely related to disease of the 
pancreas. Lancercaux,^ in 1877, pointed out the intimate association of 
glycosuria with profound alterations in the structure of the pancreas, 
but it was the experiments of Minkowski which firmly established the 
connection between the two conditions. He shewed that total extirpation 
of the pancreas in dogs gave rise to a condition strictly comparable to 
diabetes melhtus in the human subject. Clinical and posl-moriem ex- 
perience has given strong support to these experimental results. Various 
observers have shewn that extensive disease of the pancreas is frequently 
accompanied by diabetes mellitus. Atrophy, as a result of the impaction 
of calculi in the pancreatic ducts, or of obstruction of the latter by the 
pressure of calcuh in the bile-passages : interstitial inflammation, however 
produced : necrosis: so-called hyaline degeneration of the parenchyma, etc., 
are all causal factors in certain cases. 

Though the pathological lesions found in the pancreas in cases of 
diabetes are never so severe as to throw the organ out of use, as is 
necessarily done in extirpation of the gland or even in ligature of the 
duct, yet there seems little doubt that the glycosuria in diabetes is due 
to disease in the pancreas. It has already been pointed out that the 
islands of Langerhans have no direct anatomical connection with the 
pancreatic ducts. Further, these isolated groups of cells are scattered 
widely throughout the organ and have a very rich blood-supply, their cells 
have a difierent form and arrangement from those lining the acini, and 
their protoplasm contains finer granules. 

Opie and others consider it very probable that these islands are 
• ^Loc, cit. 
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concerned in carbohydrate-metabolism, and regard them as structures 
producing an internal secretion which is liberated into the blood. Various 
observers have found extensive degenerative changes, especially of a 
hyaline nature, in the islands of Langerhans in cases of glycosuria. At 
the same time, this is not a constant finding, and, at present, it cannot be 
stated definitely that destruction of the islands of Langerhans is the sole 
cause of diabetes mellitus. If these islands are concerned with internal 
secretion, and if this secretion plays an important part in carbohydrate- 
metabolism, it may be that changes extra-pancreatic may cause inter- 
ference with, or perversion of, that secretion. The relation, ho we vei^ of 
disease of the pancreas to glycosuria is not very clear, but physiological 
research lias thrown much light on the subject. It may be stated gener- 
ally, that the monosaccharides glucose (oj* dextrose), maltose, and leviilose, 
can be consumed by the tissues of the body, but that starch and allied sub- 
stances, as well as cane-sugar, must first be hydrolysed by the action of 
ferments in the alimentary tract. One of tliesc hydrolysing agents is the 
diastatic ferment of the pancreas. Eventually, the ])olysaccharides are 
converted into glucose, and this is carried to the liver by way of the portal 
vein, and, in the liver, becomes glycogen. This glycogcm is set free from 
the liver and poured into the blood as dextrose. The conversion of the 
glycogeii into glucose takes place by various stages at)d is cllected by fer- 
ments, of which glycogenase, which is found in all the organs, is one of the 
most important. If the pancreas is removed, or if its ferments, which arc 
necessary to this complete carbohydrate-metabolism, are altered or 
destroyed by disease, then tl\e chain of events is broken . When the sugar 
reaches the liver, it has not been acted upon by the amylolytic ferments of 
the pancreas, and is in such a form that it is eit her not stored as glycogen, 
or is in such an unstable condition that the glycogenase is able to act so 
energetically that it decomposes at once all the pre-existing glycogen in the 
liver as well as any that may be in process of foimation. Thus, excess 
of glucose is poured into the blood and much is excreted by the kidneys, 
but none, or very little, is oxidised in the muscles. There arc, how^ever, 
factors, other than these hypothetical ferments, which undoubtedly play 
some part in the production of glycosuria. Thus, it can hardly be ques- 
tioned that glycosuria, in some cases, is profoundly influenced by the 
nervous system, especially the sympathetic system. It has been shown 
experimentally that stimula.tion of the splanchnic nerves-causes glycosuria, 
if the adrenal glands arc healthy. If these glands are removed, glycosuria 
does not occur. Again, stimulation of the adrenals, or injections of 
adrenalin, may cause glycosuria. Further, excess of thyroid secretion may 
give rise to glycosuria ; whilst, in the absence of the thyroid, 4ihe production 
of glycosuria is very difficult {see Chapter on Ductless Glands, p. 834). 
Enough has been said to show that glycosuria alone may result from various 
iactors,and,at present, it is not possible to estimate the share each of these 
may take in its production. Again, glycosuria itself is not the only factor 
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in diabetes in fact, it may occur as a symptom of other diseases. 
There are important alterations in protein- and fat-metabolism. Certain 
of the elements, which go to the building-np of proteins, e, g. some of the 
aniino-acids, are more capable than others of being converted into 
sugars. It lias also been shewn that, in the absence of the proper 
utilisation of carbohy rates, there is an iinperfect- oxidation of fats; and 
certain of the intermediate products, e,g. acetone, di -acetic acid, etc., 
may appear in the urine. 

Lipsemia- -the presence of fat shewing on naked-eye examination in 
the blood and giving the scrum milky appearance- is not unconnnon in 
diabetes. The precise origin of this fat, and the reason for its 
accumulation in the blood, is not known. 

Thus, it may be said tliat the diabetic condition is an abnormal meta- 
bolism of the carbohydrates, the proteins and the fats ; that this is, in part, 
due to abnormalities in the pancreatic secretion brought about in various 
ways, and espcicially by pathoh'gical conditions in tiie islands of Langerlians ; 
but that there are definite associations, the nature of which is at prt'.sent 
unknown, with changes in the nervous system, the adrenals, tlic thyroid, 
and possibly other of the organs of intcri\al secretion. 

Interesting and important though the whole subject of diabetes 
mcllitus and of x^ancxeatic disease is, the Tclatioi\ between the two condi- 
tions has not been established with sufficient clearness to justify further 
reference to it here. 
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DISEASES OF THE DUCTLESS GLANDS 
THE ENDOCRINE ORGANS 

(THYROID, THYMUS, PITUITARY, SUPRARENAL, PINEAL, etc:) 

These are structures which are composed of secreting glandular tissue, 
tlie secretion of which is not carri<‘.d away by a duct as in the case, say, of the 
pancreas or salivary glands, but reaches the circulation by way of blood-vessels 
or lymphatics. In addition to certain, as yet little understood, activities, 
the majority of these ductless glands- -by means of their so-called internal 
secretions or autacoids (aimi?, self, and aKo?, a medicinal agent or remedy) — 
possess extremely important influences upon general metabolism and nutrition, 
and upon blood-pressure. Some of these autacoids act by stimulating or 
exciting cell-function and arc called Hormones (op/iao), I stir up). Others 
produce depression or cessation of function, e, (j. placental extract inhibits 
the secretion of the mammary gland, and are therefore called by Schafer 
Chalones (x^tXao), I make slack). They are not inactivated by boiling, and 
are of simpler chemical constitution than enzymes. In some diseases, certain 
of the glands producing such internal secretions may be affected alone.; but, 
in other instances, important alterations may be found in several, or even in 
all, of them simultaneously, and may tliercforc be regarded as diseases of a 
* group, rather than of a single gland. The sexual glands and other organs 
(Testis, Ovary, Uterus, Breast and Placenta), in addition to their primary 
functions, also produce internal secretions which influence general metabolism 
and nutrition. The alimentary mucous membrane and the pancreas, in 
addition to their otlier activities, possess endocrine functions, and interna 
secretions are also now commonly ascribed to the spleen, lymphatic glands 
bone-marrow, etc.^ 

DISEASES OF THE THYROID GLAND 

(INCLUDING THE PARATHYROIDS) 

Outline of the Physiology and Histology of the Thyroid, — The most impor 
ant function of the gland is the production of an internal secretion whic 
has a very important influence upon the growth and maintenance of the geher 
nutrition of the body-tissues, and upon general metabolism, especial 
upon that of calcium salts : upon blood-pressure, its action being mainly 
vaso-dilator one, influencing especially the peripheral circulation, its functio 
in this connection being closely associated with the sympathetic adrer 
system: and its secretion is also believed by some to possess imports 
functions in relation to the neutralisation and elimination of various toxins 

^ ‘Consult Schafer’s The Endocrine Orgems, Swale Vincent’s Internal Secrete 
and the Dudlesa Olands, Gley’s Les Seoriiions intemea, etc.® 
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The gland is relatively larger in women than in men. It undergoes more 
rapid enlargementi^at puberty, and temporary alterations in its size are common, 
^.example, enlargement at the menstrual periods and during pregnancy, 
ffii&ecomes relatively atrophied in old age. 

^The human thyroid is composed of a lateral lobe on each side, joined by 
the isthmus. The latter varies greatly in size in different individuals, and 
may, in some cases, be absent — a condition which is normal in certain animals, 
e. g, the sheep, in which the thyroid is therefore a paired organ. Prolongations 
of the glandular substance may be found passing upwards or more rarely 
downwards — usually from the isthmus near tlie middle line. Development* 
ally, the thyroid arises from three independent rudiments ])aiTed lateral 
rudiments, one on each side, which originate from the pharyngeal hypoblast 
of thVfourth visceral (‘left, and a median rudiment in the form of a divertic- 
ulum from the ventral wall of the pharynx. The last grows downwards, 



Fia. 377. — Section of Normal Thyroid. X 60. 


and its lower end bifurcates to join the two lateral rudiments. Tliis divertic- 
ulum at first p(4sesses a lumen, passing from the foramen ciccum at the 
root of the tongifll above, to the isthmus below, and constitutes the thyro-glossal 
duct, which, under nownal circumstances, soon becomes obliterated and forms 
a fibrous cord. In rare instances, portions, or even the whole, of this duct may 
remain patent, and, Occasionally, cyst-adenomatous, and other tumours arise 
from it. 

Structure of the Thyroid Gland. — The organ is covered by a thin, dense, 
fibrous capsule, prolongations of which pass in as septa, dividing the 
^land into lobules, and containing blood-vessels and abundant lymphatics. 
The blood-supply of the gland is very large in proportion to the size of the 
5 rgan ; and the amount varies with its activity. On microscopical section, 
t;he glandular tissue is seen to be composed of cyst-like spaces — the largest 
jf which may be just visible to the naked eye. They are line(l by low columnar, 
mbical, or, in inactive glands, by comparatively flattened epithelium ; and 
ire filled with “ colloid*’^ material [see fig. 377). Theso cyst-like spaces are 
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sections of minute dosed vesicles ; but, early in development, the thyroid 
is a compound tubular or racemose gland, with acini and a duct — the thyro- 
glossal duct— the developmental origin of which structure has already been 
described. This duct, as })revioiisly noted, normally undergoes obliteration, 
the tubular acini becoming converted into the closed, cyst-like spaces; but, in 
some pathological conditions, there seems to 1 h‘ a cai)acity of reverting to the 
structure of a rat'cmose secreting gland ; and an im])erfect acinus-like grou])ing 
of t]i(‘ glandular cells around obliterated, and ev(*n ])artially patent, duct-like 
structures may be observed. 

The Secretion of the Thyroid Gland. The colloid, or mucoid, mat(‘rial in 
the eyst-like spac(‘S is not the essential ehmumt of the seeretion, but is to be 
regarded rather as a by-product, siieh as may be derived from the activity of 
cells in any closed spaee. Sijnilar colloid juaierial is seen, not only ifi the 
tliyroid itself, but also in ecTtaiu parts of the ])itintary » nd prostate glands, 
and also in the tubules of such glands as the kidney, when these become 
blocked from any cause. The ])roduetion of this substance is due to 
chang(‘s in the lining epitlu'lial (‘ells, which, during the process, become 
much sAVollcn, and ('ontain droph‘ts oj colloid. The cells juay eitlu'r remain 
attached, or, more eoniinonl), nniy be separai(‘d from the walls of the spac'c, 
and undc'Tgo d(‘gen(‘ration, their eontiuits gradually fusing with the colloid 
vpiass in the space. Th(‘ (‘ssenlial or triu* thyrohl secretjon is probably a 
Iluid which p(Tmea1(‘S, oris eontainiHl in, this practically inert colloid material, 
in the same way as, say, htryelimne or codein<‘ may be dissolved and stored 
in a jelly, or as nutrient fluids arc contained in g(datinis('d culture-media,- - 
?. e, the active substances seereded by tlie thyroid gland are only temporarily 
stored in this siibsianee until they are required. They may then pass out 
by way of the lymphatics, or possibly direidly by tin* lilood-striuiin. Tlu‘se 
active substaiKTS may be (‘xlractc'd from ti'f‘ colloid artificially, and are 
not desiroyc'd by drying or cooking tin gland. If is preferable to 
adopt the fenn Thyrine lor th(‘se sulistanees, as sugg(‘st('d by Schaf(T, 
rather than the older t(‘rn.s Jodolhyrin or lodo-thyro-globiilin,’’ as 
their true nature is still unknown- although their aefivity is usually said to 
be parallel with the amount of combiru'd Iodine (‘ontaiiied in them. Their 
action is romjilcx, being hormtllic or excitory on some tissues, for example 
in connection with tin* sympathetic ncTAmus system ((dtluT direct or through 
the intermediary excitation of the suprarenals), and also on the sexual 
organa, thymus, etc., though it is not yet known wliether the action on tliese 
is direct or indiriTt; but chalonic or inhibitory on others, for example on 
the pituitary. Though the influence of the thyroid secret ion affects practically 
every organ and tissue of the body, it is only known to be apecijically con- 
nected with the generative organs, the liver and pancreas (in tlic assimilation 
of sugar and glycogen-production, the pancreas and thyroid having a mutual 
chalonic or restraining actioi* the one on the oilier), with the suprarenal medulla 
and sympathetic system in general, and witli the pituitary and thymus glands. 
The view that the thyroid secretion is concerned in the destruction of 
toxic substances circulating in the blood is, according to Schafer, no longer 
tenable. 

In some conditions in which tlie thyroid becomes more actively secreting, 
the colloid may partially, or even entirely, disappear; whilst, on the other 
hand, in conditions where the gland is less active, it may be greatly increased 
in amount. In some pathological conditions, especially in certain acute 
infective diseases such as pneumonia, scpticiemia, etc., the secretion may, 
become mucinoid and thin, the cells exJiibiling active proliferative and 
catarrhal changes. 
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CONGENITAL ABNORMALITIES OF THE THYROID GLAND — 
Congenital Athyrea, or Sporadic Cretinism, due to absence of the gland, 
is discussed later, on p. 842. 

Accessory Thyroids are by no means uncommon. They are usually 
small in size, and are generally found in the imnH*diate neighbourhood 
of the main gland. They must be distinguished trom the parathyroid 
glands — small structures, two of which lie on each side in close lelation- 
ship to the lateral lobes of the Ihvioid, within lln* substance oi which, 
in some animals, they may, indeed, lie embedded. 

ATROPHY. -Senile Atrophy occurs, tlie condiiion Ixung not in- 
frequent in elderly females who have sufficed fiom enlargement of 
the gland during middle life. The iibrous tissue of ili(‘ septa and the 
stroma, especiidly around the vessels, is nu*r(‘ased in nmount. The 
vesicles may undergo enlargement, the e])i1h(‘lial (cIls b(‘coming flat- 
tened —i. c. there is less secreting striRtuie and tluut' is a( (Mimulation 
of passive colloid mat(‘iial. The more serious form ol atiojiliy, leading 
to the production of MyxoBdema, is discussed on ]>. , 

WAXY or AMYLOID DEGENERATION is laie, but IS oceasionally 
found. It occurs under the usual conditions, and sIkwvs the usual 
characters of the disease elsewhere (see p. 5^^). 

CLOUDY SWELLING is of frequent occuiicncc lu acute fevers and 
septicaemias, and, as mentioned above, is often accompanied b) ie])la(‘e- 
ment of the eolloid by mucoid materia], and hy a catarrhal condition of 
the epithelial cells. These change's ma\ become so juonouncocl as, in 
some cases, to constitute an acute inflammatory thyroiditis. 

ABSCESSES.— Minute secondary absc*esscs mav occur in pyaemia 
and in ulcerative endocarditis. Thc'v a])])car to be found especially in 
staphylococcal infections. Absc’csses of laigi'i size' arc rare. 

TUBERCULOSIS.- A fc'W small scattered granulations are usually 
found in cases of generalised miliary tuberculosis. Larger tuberculous 
nodules are occasionally met with in children. 

SYPHILIS. —Actual gummata are very rare, the most important change 
produced in the gland by this disease being an interstitial cirrhotic over- 
growth, especially in congenital cases. 

ENLARGEMENTS AND TUMOURS 

ENLARGEMENtS, or GOfTRES.- Thes(‘ are due probably, in most 
cases, to some long-continued demand on the activity of the gland, possibly 
toxic in origin. According to some recent writers, in cc'rtain cases of 
thyroid enlargement, some septic focus may exist somewhere in the body, 
c.j.in the tonsils, nasal sinuses, teeth, etc., and the case may benefit from 
removal of such source of infection. Whether such benefit is due to the 
removal of the actual exciting cause, or merely to improvement of the 
patient’s general health, is still an unsettled problem. In certain locali- 
ties, e. g. in GippslanJ, Australia, insufficiency of lime in the food and 
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water appear to be the chief causal factor of the mild thyrotoxic symptoms 
prevalent, these disappearing on the administration of calcium-salts. 
In some limestone hill-districts, e.g. Derbyshire — where the so-called 
“ Derbyshire neck ’’ is prevalent — Switzerland and elsewhere, on the 
other hand, excess of lime-salts leads to a nou-thyrotoxlc hypertrophy of 
the thyroid and parathyroids, which glands, as above stated, specially 
control calcium-metabolism. A heredilary liability, or transmission from 
parent to offspring, appears to ])lay a part in some cases. The condition 
is found occasionally in some of the lower animals, for example in dogs, 
where such transmission from the mother appears to be not uncommon. 

Simple Goitre is essentially a cystic enlargement of the gland, the 



r'lG. 378. — Cyi^lic Gollrc.^ (Vmtrast with iigs. 377 and 381. x 50. 


cysts varying greatly in size. They may be very numerous and be. 
distributed uniformly throughout the enlarged organ {see fig. 378) ; or 
they may occur in hx^alised areas. They contain colloid material, and 
sometimes altered blood. Papillary ingrowths are common. In other 
cases, the overgrowth may be largely fibrous, usually with an admixture 
of cysts. Occasionally, a simple hyperplasia is found, in which the 
histological appearances are apparently those of normal thyroid tissue. 

These varieties of goitre are, as a rule, not serious in their 
results, except from the inconvenience of their size — ^which may be very 
considerable — or, in some cases, on account of pressure-results^ e. g. upon 
the trachea or oesophagus. Secretion does not appear to be spedially 

^ The retraction of the contents from the walls of tjje spaces in this specimen 
is an- artefact produced during its preparation. 
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interfered with, except in rare cases, where it may become deficient, 
a condition which may ultimately lead to results resembling those seen 
in sporadic Cretinism or in Myxmdema (g^. y. pp. 842 and 843). 

EXOPHTHALMIC GOITRE.— (Described by Parry in 1825, and by 
Basedow in 1840, and often associated with their names. Tlie con- 
dition is also frequently referred to as Graves’ Disease.) This disease 
is characterised by (1) enlargement of the thyroid, A\ith definite and very 
t^ypical pathological alterations, which are often accompanred by changes 
in other glands and tissues, especially in the thymus; (2) tachycardia or 
acceleration of the heart’s action, usually accompanied by cardiac irregu- 
larity ; (3) lowered arterial tension, due to dilatation of the blood-vessels, 
and especially noticeable in the vessels of the face and neck; (4) ex- 
ophthalmos or protrusion of the eyeballs, with enlargement of the 
I)alpebral opening; (5) fine muscular tremor, nervous excitement, palpi- 
tation, etc.; (6) changes in nutrition, wasting and emaciation, raised 
temperature, abnormalities in pigmentation, sometimes polyuria without 
sugar (in 13‘5 per cent, of cases), alimentary or transitory <^1yc,osuria. 
(permanent only in 2 per cent.), and albuminuria in about 11 per cent-.; 
(7) blood-changes, usually of the nature of an anaemia, ac-com])anied, 
in many cases, by profound alterations in the bone-maiTow. 

The disease is much commoner in women than in men, although an 
increas('d proportion of oases of thyroid enlargemmit, witli many of 
the symptoms of exophthalmic goitre, appears to have occurred among 
soldiers during the recent war. Th(^ disease su])ervmnes usually about 
the third decade of life. It varies considurably in duration — acute, 
subacute, and chronic; ty])es being recognisable. Cases oi recovery are 
recorded, aided, it may be, by suitable treatnumt, X-ray administra- 
tion, etc. --otherwise the* disease is usually progressive, tlioiigh perhaps 
with intermissions. In acute cases, death may snpervtme in a few months, 
or perhaps weeks, and, in several recorded cases, even within a few days 
of the ojiset of the s}nnptoms ; whilst the more chronic cases may last 
for several -years, and may shew intermissions and relapses. 

Ill this diseasi*, a constant pathological change, unlike that found in 
any other disease of the gland, is present in the thyroid ; and the symptoms, 
as has been poiui-ed out by Moebius on the Continent, and by Greenfield 
in this country, appear to be due to an accompanying increase, and 
perhaps also perver^on, of the thyroid secretion, i, e. a condition of hyper- 
thyrea or hyperthyroidism. Most of the symptoms — even the exoph- 
thalmos — ^may be artificially produced by overdoses of the extract of the 
normal gland ; and, moreover, the disease forms a striking contrast with 
myxoedema, a condition which is due to insufiicieiicy of the gland {see 
p. 843), and which may, therefore, in some ways be regarded as its 
antithesis. In a few cases in which secondary atrophic changes occur 
in the enlarged thyroid, myxendema may,, supervene upon the primary 
condition of cxophthedmic goitre. 



838 


SPECIAL PATHOLOGY 


Changes in the Thyroid itself. — ^There is usually marked, and, in some 
cases, very considerable, enlargement, involving all parts of the gland, 
although sometimes slightly asymmetrically, the right lateral lobe 
frequently shewing distinctly greater increase than the left. The gland 
usually retains more or less its normal shape, but the lateral lobes have a 



Fiu. 371). — Thf^nud Qlaiul, etc. From a case of Exophthalmic Goitre. 

1. Hyoid 1)0110. 2. 'rhyroid cartilage. 3,4,5. Central, loft and right lobos of enlarged 

thyroid gland. 0, 5, (i. Greatly enlarged thymus gland. 7. Pericardium. 8, 9. Right 
and loft ventricles of heart. (From a specimen lent by the late Professor Greenfield.) 


marked tendency to enlarge backwards, and may come almost to surround 
the trachea and even the oesophagus, and perhaps almost meet behind 
these structures and cause their compression. The enlargement in 
exophthalmic goitre is, however, as a general rule, not so great as in 
many cystic goitres. In colour, the gland is usually very and, as 
has been pointed out by Greenfield, it closely restoibles, on section, an 
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actively secreting salivary gland, or the pancreas, in general naked-eye 
appearance. Though usually moderately firm and elastic, it is distinctl}’^ 
softer than the normal gland in consistence, and exhibits more lobulation, 



Fig. ^Thyroid Qlandy vie. From a caso of Exophthalmic Goitre 
(seen from behind). 

1. Tongue. 2, 2. (E«oi)hagu.s (into whicli a glass rod has been inserted). 3, 4. l^atoral 
lobes of enlarged thyroid gland. 5. Aortic arch. (From a specimen lent by the late 
Professor Greenfield.) 

the surface occasionally presenting slight nodulation. Cysts arc not com- 
mon, and, if they do occur, are usually small, and have fluid — ^not colloid 
— contents. The surface veins may show marked engorgement, and the 
vascularity of the glandular tissue itself resembles thatc)f any other actively 
functioning gland, * According to Greenfield, the enlargement of the 
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gland ia thus not due to vascular dilatation, as was previously believed 
by many — ^the pulsation which is often described being communicated 
from the neighbouring arteries at the root of the neck. On section, the 
gland-tissue is pale pinkish-white in colour, and, as already noted, closely 
resembles that of an actively secreting gland, such as the pancreas or a 
salivary gland. On microscopical examination, the tissue of the organ 
shews enormous proliferation of the secreting structure, comparable to the 
active proliferation seen in the functioning mammary gland during lacta- 
tion. The process is not a men^ dilatation of the spaces, but an actual 
proliferation of tlie (epithelium, which may shew papillary ingrowths. mto 
the spaces. These become smaller in size, and are transformed into what 



Fj(j. '^/'hyrofd (ilamlw Kxoplithalniic Coitro, Hhewing ihoactivo 

])rolllortilion of (li.sap])oariinco of colloid, etc. X 50. 

closely resemble llu‘ i ubular acini of a racemosci gland. Th(j cells, instead 
of being more or less flattcaied, become cubical, or even columnar in 
shape, and may sh(‘w active mitosis, and catarrhal and degenerative 
changes. The colloid disappears, and the contents of the acinus-like 
spaces become more fluid in consistence, and contain the debris of 
degenerating cells. 

Associated Changes in Other Organs and Tissues. — The iymphatic 
giands, both in the immediate neighbourhood of the goitre, and also 
in the mediastinum and abdomen, are often enlarged and unduly vascular/ 
Enlargement of the beemolymph-glands is also a frequent phenomenon, 
and has been observed ia the majority of cases of exophthalmic goitre 
ejeamined by the authors during the past fifteen years.^ 

^ -For a detailed description of the enlarged hsemolymph-glands in a case of 
exophthalmic goitre, see Lorrain Smith, “On a case of ^Psemolymph Glands,” 
Medical Chronicle, March ,1908. 
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The thymus gland, in cases of exophthalmic goitre, is very frequently 
persistent, and, in many instances, considerably enlarged {see fig. 379, 
6, 6, 6). On microscopical examination, this enlargement of the thymus 
appears to be. of the nature of a simple hyperplasia. 

The spleen is occasionally enlarged, and exhibits, as a rule, evidence 
of increased haemolytic activity. 

The bone-marrow, in a series of ten cases* examined by one of the 
authors, was found to shew very marked changes, mostly of the nature 
of a mixed leuco- and erythro-blastic reaction. Tlie fatty marrow of the 
long bones was usually completely transformed to red marrow; and, 
especially in several very acute cases examined, was dark brick-rod in 
colour, resembling the naked-eye appearance seen in some cases of 
pernicious anaemia, when the latter is (diaracterised hy exc'cssive pigmenta- 
tion. The medullary cavity was eidarged, the osseous trabecula), and even 
much of the compact bone itself, being extensively absorb(‘d. In these 
acute cases, the marrow, under the microscope, sh(‘Aved advanced degenera- 
tive changes, generally of the nature of gelatinous degeneralion, the 
previously proliferated luemopoietic cells having undergone c^xt-ensive 
atrophy, and the marrow exhibiting large numbers of actively phagocytic 
cells containing blood-cells and pigment. The occurrence of mcgalo- 
blasts was not uncommon, and in five cases examined, t he eosinophil cells 
in the marrow shewed distinct increase in number.^ These changes 
point to the action of some actively toxic agent, which at first produces 
a leucoblastic reaction : and later, as ansemia is established, a supervening 
erythroblastic chatige. The marrow then becomt\s exhausted, and undcr- 
*gocs the degenerative change above noted. In the more chronic cases, 
similar, but , as a rule, less projiounced, cliang^ss wer(‘ found. 

The clinical examination of the blood gives, in many cases, very little 
indication of the markcHl marrow -changes y)resent. ]Vh>st authors who 
deal with the blood-condition note the occurrence of a mild, or occasion- 
ally severe, anaemia, “ chlorotic in typ(‘,” sometimes with relative 
lympliocytosis.^ The eosinoj)hils may be increased in some cases. 

The peri- and endo-cardium aie often allVctcHl, but- whetheu* from 
the direct action upon them of the alt(u*ed and increased iliyroid secre- 
tion, or by its indirect actioii rendering them more liable to acute 
rheumatism, has not yet been determined. Death, iii these cases, is not 
infreqeiitly due fo pericarditis; and endocarditis is also by no means 
uncommon. The simultaneous occurrence of mitral and tricuspid 
stenosis in several cases of exophthalmic goitre has been noted by 
Greenfield. 

Degenerative changes in the nervous system have also been described, 

^ Carnegie Dickson, The Bone-Marrow^ Longmans, Green & Co., London, 1908, 
pp. 62 and 61. 

® Ewing, Clinical Pathology of the Blood, Edmpton, London, 1904, p. 387 ; and 
Cabot, Clinical Exami^Xation of the Blood, Longmans, Green & Co., London, 1904. 
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e, g, in the cervical and other ganglia of the sympathetic system, and also 
in the medulla. Bruce and Pirie have described degenerative lesions in 
the intermedio-lateral tract of spinal nerve-cells in the upper dorsal 
region, which they associate with the abnormalities of sweating frequently 
observed in this disease. 

ATHYREA and HYPOTHYROIDISM. -Partial or complete absence 

of thyroid secretion leads ho extremely impoitant changes in the nutrition 
of the tissues, and may be discussed under three types : — 

1. Congenital Athyrea, or Cretinism. 

2. Operative Athyrea, or the experimental or therapeutic removal 

^ ol the gland, in whole or in part. 

3. Degenerative Athyrea, or Myxeedema. 

1. CONGENITAL ATHYREA, or CRETINISM. -In this and allied 
cojiditions, the thyroid gland is either entirely absent, or has undergone 
early, and perhaps complete, atrophy. The tissues of the infant arc, 
therefore, deprived of the influence of its secretion during the period at 
which their growth should be most active. As a result, the cretin is 
stunted both in body and in mind, i. e. the condition is one of defective 
development with idiocy, the central nervous system, bones, connective 
tissues, and skiji, being esi)ecially affected. The skin is lax, dry, and 
harsh, the hair scanty, and dentition delayed and imperfect. Pads of 
redundant subcutaneous fat are usually present, especially above the 
clavicles. The tongue is large and may be protruding, the abdomen 
is prominent, and the limbs are stunted in their growth. 

Cretinism may be sporadic, associated with absence or early atrophy 
of the thyroid : or endemic, usually due to goitrous degeneration. The 
latter type is again subdivided into the myxoedematous, in which the 
parathyroids survive, the commonest type in Europe, and the nervous*, 
in which they are also involved. Heredity, or family predisposition 
to the disease, has been observed in some instances. The symptoms of 
congenital cretinism, even with complete athyrea, may not shew until 
some little time after birth. Cretins arc specially liable to be attacked 
by infective disease, the symptoms of whi(?li may be masked, sometimes 
to an extraordinary extent. Thus, in one case examined by Carnegie 
Dickson, a cretin child, sitting up in bed playing with its toys and not 
shewing any symptoms unusual to it, suddenly fell back dead, and was 
foimd on 'post-mortem examination to have well-marked tuberculous 
meningitis, of which, during life, it shewed no symptoms obvious. In 
like inanner, the symptoms of other forms of meningitis, as well as of 
pneumonia, general tuberculosis, etc., may be masked in cretins. 

Occasionally, a similar condition of athyrea may supervene in previously 
healthy children, e. g, about the age of four or five. This has been termed 
juvepile myxeedemat and is due to atrophy of the thyroid gland, perhaps 
after an attack of some acute infective fever. ^ 
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2. OPERATIVE ATHYREA. — ^Unless the secretion of the thyroid 
has previously become diminished or much modified by disease, the 
complete removal of the gland produces very acute symptoms, though 
these depend, to a considerable extent, on the species of the animal and 
its age, young animals being much more susceptible. Thus, experi- 
mental thyroidectomy in animals, e,g, cats or inoidvcys, leads to acute 
nervous symptoms, such as convulsions, tetany, etc. ; and apathy, coma, 
and death may supervene in the course of a f(*AV days or weeks. These 
symptoms are due, in part, to the coiuuirrent removal of the parathyroid 
glands, and, if these are left, the symptoms are much l(‘ss severe, and 
tetany does not necessarily supervene. If such animals, e.g. the monkeys, 
be kept warm, tliey may survive the immediate effects of removal, and 
may develop typical symptoms of myxcedema (Eorsley). Thyroidectomy 



Fi(3. 382 . — Svction of Thyroid Gland, t^’om a caso oi‘ Myxcrdc'-nia, shewing alroptiy of 
tho glandular tissue, with librosis, and collwiioiis of sii\ull round cells around duct- 
liko structures- x 50. 

in the human subject has frequently been performed for tumour of the 
gland and in cases of exoplithahnic goitre, the subsequent history of such 
cases varying greatly. Even a small piece of the gland left behind at such 
operation may avert the acute phenomena already described as occurring 
in the lower animals, but, in some cases so treated, these have supervened. 

3. DEGENERATIVE ATHYREA, or MYXCEDEMA.— Although acute 
forms of this disease occur, the condition is much more commonly 
a chronic one in character. It is a slow and progressive atrophy o! the 
gland — often more marked upon the right side — followed by secondary 
changes in the various tissues of the body. The thyroid itself may be 
reduced to a mere mass of fibrous tissue, all the glandular structure 
having disappeared. The degenerative changes, in some cases, begin 
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by an invasion of the stroma with numerous small round cells, which 
produce an appearance like that of an adenoid tissue. In other cases, 
nothing may be found except structures resembling the remains of 
ducts, scattered amongst fibrous tissue, no glandular cells surviving 
(see fig. 382). 

These changes may come on insidiously and with no, as yet as- 
certainable, cause; but, ki some instances, they follow certain other 
conditions of the gland, e.g. exophthalmic goitre. In such cases, the 
degenerative changes supervene upon a previoTis enlargement and 
increased activity. Tliose cases, therefore, often present a varying 
symptom-complex allied to both conditions. A similar atrophy of the 
gland, with development- of myxoDdematous symptoms, sometimes 
supervenes in cases of exophthalmic goitre in which the thyroid has 
been exposed to an excessive course of X-ray treatment. 

‘ Myxoedema occurs much more fitnpiently in females thaii in males, 
the proportion given by Osier being 0:1. A predisposition, or increased 
liability, to disease of the thyroid glaT\d,may, in some cases, be observed 
among moml)crs of the same family, and numerous instances in which 
cases of rnyxoedenia and of exoplithalmic goitres liave thus occurred arc 
recorded. 

Secondary Changes in the Other Organs and Tissues in Myxoedema. 
The skin and subcutaneous tissues are specially afiocled. Th(‘. skin is 
dry and pale, and often presents a soinevt.at yellowish tint. Tlu^re 
is atrophy of tlie sweat- and sebaceous glands and hair-follicles, the 
Jjair becoming coarse and scanty. Then* is accumnlation of gelatinous- 
lookijig material in tlie siibcntaiHHnis tissue's- --pro) )ably a mucoid do- ' 
generation of the connective tissue (see p. 5J) —due to interference with 
both the fe)rmativc and ilio absoiptive processes normally occurring ia 
the tissues. Similiir changes take place in the lips^ tongue, etc., and the 
feature's liave a ])ntTy, bloated a])poarance, which may, at first sight-, l)e 
mistaken for a sym])tojn ejf T>rigld *s disease*. The fnllne'ss of tlie skin ariel 
subcntaiieenis tissue is, he)vve\er, n(')t due to imae codema ; it de)es not pit 
on juessuro; and e)th(*r dill'erenccs, e.g. in distributiem, may be noted. 
There is fiee[iient]y a localise'd malar flush; and t he supraclavicular pads, 
already ne)teel as ce)nimon in cre'tinisin, are also usually present in 
inyxcedemia. 

The connective-tissue framework e>f the various organs and tissues ejf 
the body may exhibit changes similar to those femml in the subcutaneous 
tissue. The peripheral nerves nu;y show deg(uieratjon of their nerve-fibres, 
and there is, very commonly, an accompanying myxomatous change in 
their connective-tissue sheaths (.sec Chapter on Nervous System,^p. 1017). 
Degenerative and atrophic changes arc also found in the central nervous 
system, e. g. subacute general chromatolysis of nerve-cells (Brun a 7 id Mott). 

Metabolic processes are sluggish, oxygen-intake and nitrogen -output 
are decreased; the body-temperature is lowered, there is increased 
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tolerance for sugar, and the sexual functions arc diminished or in 
abeyance. 

The most remarkable feature in cases of the various forms of athyrea 
is the rapid improvement, and perhaps, if not too long delayed, the 
complete disappearance of the symptoms of tlie disease, on the con- 
tinuous administration of thyroid gland, citLer in iJio form of fresh or 
dried gland, or as an extract. , 

One point of importance, which has been specially emphasised by 
Greenfield, is the increased liability of niyxoedematoiis patients to become 
th^ subjects of tuberculosis, which may rim a very rapid, ‘‘ latent course, 
i. e. may give rise to little or no cliiiical evidence of its presence. 

The blood-condition in myxoedema is usually oiu? of progressive' 
anaemia, secondary in type, and occasionally accompanied by slight 
leucocytosis. A f('W nucleated red cells may be found, and an incri'ase 
in the size of the individual nul cells has been described. Tlie bone- 
niarrow, in two cases examined by one of the aiitijors, shewed very 
extensive mucoid or gelatinous deg('nera1ion, witli gn'at diminution in 
the number of th(‘ Inemopoietic cells. In one of i hes('. cases, 'which died 
of pneumonia, there was litth^ or no hnie.oblastic reaiit.ion in the tissue. 
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DISEASES OF THE PARATHYROID GLANDS 

The Parathyroids are two pairs of minute glands which, in man, are usually 
closely attached, one pair on each side, to the outer margins of the lateral 
lohes of the thyroid, th(^ uj)per pair being frecpiently entirely embedded in the 
thyroid substance. Their /unctions are usually regarded as independent 
and distinct from those of the thyroid, as is also their developmental origin 
from the third and fourth visceral })ouches, from which the thymus also is 
derived. Intermingling, or inclusion one within the other, of the elements 
of thyroid, })aTathyroi(ls, and thymus occasionally occurs. 

In structun^, tlu'- Parathyroids (‘onsist of epithelial cells, sometimes com- 
pact, sometimes divided up into lobules by strands of connective tissue; and, 
occasionally, small vesicles containing colloid o(icur. 1’hi‘se glands have a 
very abundant blood-sup[>ly. 

If, in tlu^ lower animals, all the j)arathyroids are removed, death usually 
supervenes in a few days or w(‘eks, [>aroxysms of clonic contraction of the 
muscles, exaggeration of the reflexes, gasping res})iration and (juickened pulse, 
being among the characteristic sym])toms. In man, on the other hand, the 
muscular contractions tend to become tonic rather than clonic, associated with 
diminution of the respirations and of the frequency and force of the heart- beats, 
and fall of body- tern })erature. Total extir])ation of the parathyroids is, there- 
fore, associated with a form of '' tetany ” (Tetania paratJnjreopriva), This has 
been proved to be due to involvement of the lower neurones, and is rclicv(?d 
by injection of j)arathyroid extract, or by grafting the gland, the function of 
which, therefore, apjxuirs to be th(^ prcxluction >>f an internal secretion or auta- 
coid (presumably of a chalonic or restraining nature) which tends to ])revent 
over-excitation or discharge of nc^rve-cells.^ Noel Paton an<l his colleagues 
have shewn that the secretion of the parathyroids probably detoxicates or 
renders innocuous a poisonous substanc^o of the nature of a guanidine- 
compound di'rived from muscular metabolism, the pr(*senc(? of which, if it is 
not removed, leads to the ])roduction of ti'tany.^ 

Clinically, various diseases or syndromes of symi)toms have been attributed 
to changes in the })arathyroids. To atrophy or diminished secretion, have 
been ascribed the tetany of infants, of pregnancy aii3 of various infective 
diseases: and to enlargement or increased activity and to altered secretion, 
various nervous diseases such as myotonia ])aralytica and myasthenia gravis. 
The latter suggestion as yet lacks confirmation ; but the former is possibly 
supported by the finding of hamiorrhagc^ or some other lesion in the glands 
of cases in which certain forms of tetany have been present, as described by 
some authors. 

^ Schafer, foe. p. 24. 

2 See Halliburton, Hntiah Medical Journal, March 20, 1921, p. 450. 
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DISEASES OF THE THYMUS GLAND 

This organ,, with its two main lobes, subdivided into lobules, whicdi consist 
of adenoid tissue arranged around the (;oncentrie ITassal's eorimseles, reaches 
its maximum develojmient at or about the second or third year of life; and, 
after puberty, it normally undi^rgoes gradual atro])liy. In the adult, it is 
generally rej)resented by a small bilaterial pad* of fatty tissue behind the 
manubrium sterni and overlapping the upper part of the j^i^ricardium 
ant(iriorly. The specific functions of the. organ arc still obscure. FjX[)eri- 
mental work by Noel Paton and others has proved a didinitc relationshij> 
between the thymus and the testes. In castrated cattle, tlu! thymus remains 
about twice its normal size, and its invfdution is ri'tarded. If botli test(\s and 
thymus are renioved in young guinea-pigs, their rat.(' of growth is retarded, 
a result not produced by the removal of either ah)ne. 

Persistence of this gland after puberty is by no means uncommon, 
and, occasionally, the organ may shew distinct hyperplasia. The enlarge- 
ment of the thymus in lymphatism has already been described (p. ()47). 
In exophthalmic goitre, the thymus is very fre([iicntly persistent, and 
often markedly enlarged (p. 841 ; and fig. :^79). Diminution in size occurs 
rapidly in starvation and other forms of inanition. 

Acute changes arc not uncommon in this organ in children who have 
died of any of the acute infective diseases. Haemorrhages may occur under 
similar conditions, and also in death from sufVocation. Abscess of the 
thymus may be found ; but post-mortem softening of the tissue, which 
not infrequently supervenes soon after de<%th, should not be confused 
*with true sui)puration, the naked-eye appearances of which it may 
closely simulate. The organ is usually involved in anterior mediastinitis. 
Tuberculous lesions, and, less commonly, syphilitic gummata, occur. 

Lymphomata and lympho-sarcomata may arise from the thymus. 
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DISEASES OF THE SUPRARENAL OR ADRENAL BODIES 

Dovelopmcntally and physiologically, the suprarenal consists of two dis- 
tinct portions, the Cortex and the Medulla. In man and other mammals, 
the medulla is completely enclosed within the cortex ; but, in anrphibia, reptiles, 
and birds, they merely in terfock; whilst, in fishes, they remain as anatomically 
separate organs. The cortex is derived from mesoderm-cells of the genital 
ridge, and some of its functions are probably intimately connected with 
those of the sex-glands, and probably also with the (elaboration of metabolic 
substances which are utilised by other organs and tissues. The medulla, 
on tlie other hand, is developed from the same scries of neuroblast-cells which 
gives rise to tlui syinpatlictic ganglia, and this portion of the gland produces 
the extremely important internal secretion variously termed Suprarenal Extract, 
Suprarenin, Adrenalin, or Epinephrine, the chemical nature and pliysiological 
actions of whi(;h have been very extensively studi(‘d. It has been prepared 
synthetically (ortho-dioxyp]Huiyl-ethanol-m(*thylamine ^), its most important 
ac tions b(nng th<i constriction of the majority of the peripheral arteries (especially 
of the splanclmic area and skin, but not the coronary arteries of the heart), 
and th(i Tnuscular (!oat of veins, slowing of the heart-beat (if th(‘ vagi 
are intach - otlierwise th(;rc is acceleration) : its action on other involuntary 
muscular tissue supplied by the sympathetic, resulting, in some instances, in 
increased contraction (sphincters of the pylorus^ and ilco-ccocal valve, ^ spleen, 
uterus, vagina, vas dehiteiis, retractor pcuiis, dilator pupillin), but in inhibi- 
tion in other cases (cosojdiagus, stomach, intestine, gall-bladder, urinary 
bladder). Other results arc increased flow of saliva and tears, and of mucous 
secretion of the mouth, throat and trachea. It defers muscular fatigue, and 
has an important inllucncc on pigment-cells and pigment-production. Its 
local haemostatic action is well known and is now constantly used in surgery. 
Over-doses lead to hyperglycaemia and glycosuria, even with a carboliydratc- 
frec diet, from its action on the liver and pancreas ; and its prolonged adminis- 
tration leads to a form of arterio-sclerosis due to the long-continued high blood- 
pressure. The large blood-vessels near the heart, probably on account of 
the relatively small amount of muscular tissue in their walls, arc not con- 
stricted, but rather undergo passive dilatation due to the increased blood- 
pressure. 

In the luiman foetus, the suprarenals are of relatively large size, owing 
to the greater development of tlie innermost part of the cortex next the 
medulla. This well-developed boundary zone does not show bpoid granules, 
but, after birth, the cells undergo fatty degeneration and disa])pear by about 
the end of the first year of extra-uterine life. At birth, the part of the cortex 
superficial to this boundary zone is narrow, but gradually enlarges to form 
the adult cortex, as the foetal boundary zone atrophies. 

1 Given as “ orthodioxyphenylethylolmethylamine,” by Maoleod, who notes its 
close relationship to tyrosine and to a ^oup of substances (amines) occurring in putrid, 
meat, and to which the active principles of ergot belong. The synthetic prepara-^.* 
tion, although in chemical composition apparently identical with the natural 
epinephrine, is comparatively inert, probably because it oonsistB of a racemio 
mixture of Isevo- and dextro- forms of the base. It may be rendered physiologically 
active by combining the racemio mixture with an optically active acid, fractionally 
crystallising the solution, and so isolating the Isovo-form, the action of which on 
the organism appears to be that of the natural substance. * 

“ Congenital Hypertrophic Stenosis of these sphincters is believed by some to 
be due to “ hyper -^renalism {see pp. 747-8). „ • 
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The course of the blood-flow in the suprarenal somewhat resembles that 
of the lymph in a lymphatic gland, the arteries being distributed to the peri- 
phery like the afferent lymphatics, and giving rise to a rich capillary plexus 
running between the columns of the zona glomorulosa and zona fasciculata. 
In the zona reticularis, these become large and sinus-like, and, from the latter, 
the blood passes directly into the venous sinuses of the medulla, from which 
it is collected into the single vein which leaves the hilusliko tlie efferent lymph- 
atic. For its size, the suprarenal has a more abundant blood-supply than 
any other organ or tissue in the body. » 

On naked-eye examination, the sonn^what flatteiu'd, triangular bodies with 
rounded edges, present, on section, a radially striat('d, yellow-ochro-eoloured 
cortex, the tint of whirli usually becomes darker as age. advances. The. med- 
ulla «5r central j)ortion of the gland varies gr(‘.atly in bulk, and is ofbm oj)aque 
pearly-white in app(;arance, thougli in many cas(‘.s it may, from tl)e ]>rescnce 
of inginent, pre.sent a dark-brownish tint. On microscopical examination, 
the cortex may usually be dif[erentiated into tliree zoiuis, tlie c])ith(‘lial cells 
immediately bcncatli the capsule being arranged in tlii(‘k, inter-communicating 
columns bent on themselv(\s at the surface into narrow loops or arches with 
their convexity outwards. Towards the surfac(‘, sections of tlieso columns or 
cell-groups form more or less rounded or oval masses, and this layer is tlK'rcforc 
called the zona glomerulosa. Wlien traced inwards, the ('.oliinins become 
more regularly distributed into the narrower, radially arranged columns 
of the zona fasciculata, which constitutes the main bulk of the cortex. Tlie 
deepest layer of the cortex- -tlui zona reticularis - is formed of a mesliwork 
of branching and anastomosing columns of cells which are usually rich in 
pigment. Jn the human subject, these various lay<Ts run gradually into one 
another. The cortical cells are extremely rich in fatty and lipoid substances. 
The medulla, or central portion of the gland, contains nurrKTOUs thin-walled, 
difated, venous-capillary spaces, into which the blood from the cortex directly 
flows. Between tluisc lies a rethudar stroma in which arc embedded groups 
of polyhedral or irregular cells, which are clear(‘r and more vacuolated than 
those of the cortex. Tliey are arranged in irregularly anastomosing columns, 
surrounding large blood-sinuses wliich arc continuous with those of the zona 
reticularis. “ The Medulla is better described as a solid cell-mass permeated 
by sinus-liko blood-vessels with the cells compactly arranged between and 
around them.” ^ These cells are rich in granules of various kinds, especially 
those liaving a special affinity for chromic acid and its salts, by which 
they are stained brown or yellowish-brown, and hence termed chromafllne 
or chromaphil. 

DEVELOPMENTAL ABNORMALITIES.— The most important of 
these is the occurrence of Accessory Suprarenals, which may consist of 
cortex alone, medulla alone, or a combination of both. They usually 
vary from the size of a pin’s-head to that of a pea or a bean. They are 
situated most frequently in the immediate neighbourhood of the main 
si^rarenal ; but they may be found on the surface, or in the substance, 
wthe kidney, or, more rarely, of the liver, along the abdominal aorta, 
and even in the broad ligament, ^ in the walls of hernial sacs 

1 Schafer, Zoc. cit., p. 54. 

* In the ovary, the corpora lutea, or lutein -bodies, of menstruation and preg- 
nancy have, on account of their yellow-ochre colour, not infrequently been mistaken 
for suprarenal rests " and tumours. They are, of course, a normal phenomenon in 
the ovary, following the discharge of the ovum from its ovisac, though tumours 
occasionally arise from tRem. 

56 
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(MacLcnnan), or in connection with the epididymis; and, in these 
various positions, they may give rise to tumour-formation (see pp. 853, 
865: and also pp. 271, 273). Such aberrant suprarenals consist, as a 
rule, mostly of cortex, and may be recognised by their charactenstic 



Fig. 383. — Greatly l^nlargcd fc^ii]H‘aronals froin a jiseudo-hcrnmjihrodite infant, believed 
by its parents to be a male. The clitoris is enlarged and simulates a penis with 
its preimce. {(Jt. Fundus of Uterus. Ov. Ovaries. Bl. liladder. B. Rectum.) 

Each kidney and suprarenal is cut coronally and both halves are shewn. The 
lower left-hand figure shews the perineum, from anus to clitoris. 

ochre-yellow colour. A varying amount of medtilla may occur in the 
larger rests ; whilst accessory glands consisting of medulla-like 
structure alone are known as chromaffine bodies or paraganglia. It is 
interesting to note that the Carotid Body or Carotid Gland is of similar 
nature. 

; ' Absence of the foetal boundary zone has been not^ in the ancncephalous 

foetus (Elliott and Aicinour), and it has been suggested that this layer 
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may have some influence on the development of the cerebral hemispheres, 
and upon the formation of the myelin of medullatcd nerve-fibres. 

Persistence of the boundary zone and hypertrophy of the cortex may 
be associated vfith sexual precocity and other abnormalities, es])ecially 
pseudo-hexmapliroditism {see fig. 383), wliilst castration is said to lead 
to cortical hypertrophy. 

Malposition of the entire suprarenal gland may occur in some cases, 
and the organ may be partially, or even entirely, embedded in the adjoin- 
ing kidney. The right suprarenal may similarly be found on the surface, 
or in^the substance, of the liver. In cases of displactuncTit and malposition 
of the kidney, the suprarenais usually do not accompany t he kidneys, but, 
are found in their normal position. 

ATROPHY.- -Minor degrees of atropliy are cojumon in various 
conditions characterised by wasting of the body-tissues generally. 
For the pathological lesions and tlie important symirome of sym])toms 
found in Addison’s Disease, see p. 852. Slighter grades of suprarenal 
inadequacy are not iincoininon, but are of clinical, rather^ than of 
] )ath ological , interest. 

FATTY DEGENERATION is often well marked. The yedlow cort-ex 
normally contains a considerable proportion of fat; and, in old age 
a-nd in many diseases, this is mark<‘dly increased in amount, constituting 
a condition of fatty degeneration. 

WAXY, or AMYLOID, DEGENERATION is often well seen in these 
glands. It occurs from the usual causes, aud shews the ordinary method 
of distribution of the disease, i, e. in the conweetive tissue of llie small 
arteries, etc. 

PIGMENTARY CHANGES are common, especially in old persons, 
the colour of both cortex and medulla becoming miudi darker, apparently 
from increase in their normal pigment. 

ACUTE CHANGES.— Cloudy Swelling is often well marked in th(i 
acute infective fevers and septicaemias. Focal Necrosis may occur. 
Abscesses are comparatively rare in the suprareuals, but, when found, 
may attain to a consideralde size. 

Acute hyperaemia of the glands — especially of their medullary por- 
tions, which may become much softened — occurs in acute infective 
diseases; and haemorrhages are not uncommon, esp(icia]ly in some 
of the acute infective conditions such as scarlet fever, diphtheria, 
and cerebro-spinal fever, and in blood- and other diseases. SucJi 
hsemorrhage may be severe, causing destruction, especially of the 
medulla, and producing a haemorrhagic distension of the gland, resem- 
bling a cyst. These haemorrhages are sometimes bilateral, and have been 
described as occurring in newly-bom infants. 

SYPHILITID' CHANGES, though rare, do sometimes occur, especially 
in congenital syphilis, in which gummatous masses are occasionally 
found in the suprarcitals. 

TUBERCULOSIS of the Buprarenals, in some of its forms, is very 
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important. The lesions in these organs may be part of a more wide- 
spread tuberculosis, or the suprarenals may be affected alone. Small 
miliary tubercles may be found in general tuberculosis, especially in 
children, and are of themselves of no special importance. In the adult, 
lesions varying in size from such small acute miliary, up to larger 
caseous, areas may be found, and, as long as these are scattered, they lead 
to no immediately serioue results ; but, when the condition becomes more 
advanced, as, for example, in chronic caseous tuberculosis of the greater 
part of, or the entire, gland on both sides, it tends to produce Addison’s 
disease, owing to destruction of the glandular tissue and conseqiient 
loss of the function of the gland. 

ADDISON’S DISEASE is, in the majority of cases, associated with 
the destruction of both suprarenal bodies, with loss of their special internal 
secr(‘tion. Such destruction is usually caused, as above mentioned, by 
chronic caseous tuberculosis, or, more rarely, by chronic fibrous atrophy 
of the organs. An analogous acufe condition, leading to a fatal issue, 
may be produced experiment ally in animals by the complete removal of 
the glands. (Jases m which both suprarenals have been removed, or 
destroyed by disease, without the production of Addisonian symptoms 
may possibly be accounted for by the presence of accessory suprarenals 
elsewhere, or by the functionijig of chromafline tissue elsewhere, e.g. in 
the Carotid Claud. Minor degrees of -suprarenal insuffi(;iency may also 
occur without the full syjidrome of symptoms. 

The disease is commoner in males — ^usually during the third and fourth 
decades of life — and is cliaracterisod by progressive asthenia, with great 
general muscular and cardio-vascular weakness with lowered blood- 
pressuie : extreme emaciation : gastro-intestinal disturbances, such as 
nausea, vomiting, and diarrhcna : and by certain important pigmentary 
changes in the skin, mucous membranes, and elsewhere. There is usually 
distinct, and sometimes severe, anaemia, thongli, in some of the recorded 
cases, there has been no marked diminution in the number of the red 
cells. The temperature is, as a rule, subnormal. 

The colour of the skin varies from a light brownish-yellow to a deep 
browjiish-black colour. This bronzing ” is due to an iucredse of pigment 
in the deeper part of the ret(^ Malpighii and in the superficial parts of 
the connective tissue of the corium, especially around some of the blood- 
vessels. It is usually diffuse, but occasionally finely punctate, the pig- 
ment being, for the most part, contained in the cells, but also lying to 
some extent free in the lymph-spaces. This pigmentation is usually most 
marked on parts of the skin exposed to any irritation (c, g, the pressure 
of a belt), and to the action of light, e.g. the neck, facb, hands, etc. An 
abnormal increase is also found especially in positions where cutaneous 
pigment normally abounds, viz. in the axillae, areolae of the nipples, 
external genitals, etc* Ceitain of the mucous membranes commonly 
shew a patchy^ brownish pigmentation, espedlally on the tongue, 
the inner surface of the lips and cheeks, the gums, and other portions 
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of the buccal mucous membrane. Patches of pigment may be found also 
in the conjuiictivaB, vagina, and, it is said, in certain of the serous 
membranes. In some of the more acute cases, the bronzing of the skin 
may not occur. 

The heart-muscle is usually soft and flabby, and may show marked 
brown atrophy. The spleen is sometimes enlarged and congested. 

Changes in the suprarenals « 

(a) Chronic Tuberculosis with Caseation is the commoiu'st Icvsion. 
Both organs are affected, though often in varying degree. There is 
extensive destruction of the glandular tissue, the organs being usually 
somewhat enlarged and irregular in shape. Tlie caseous nodules are 
often surrounded by dense ftbroiis tissue due to chronic proliferative 
inflammatory changes, which tends to produce adhesions to the 
surrounding fat, etc. On section, they may be firm and fibrous, or 
softer and more caseous. Fibroid bands may bo found among the 
caseated debris, and the latter may undergo calcification. 

The disease is not necessarily associated with any tuberculous dist^ase 
elsewhere, though this is not infrec^uer.tly found in other parts of 
the body, for example in the lungs, joints, s])ine, glands, etc.; yet, in 
ordinary cases of tuberculosis, lh(‘re may be wide-spread tubercles through- 
out the body and perhaps none in the supranuuals. It is, thereion*, 
difficult to explain why tliesc two organs should, in certain cases, be 
specially attacked by tuberculosis, as they are far apart and small in size. 
It is possible, indeed, that- they are rendered liable to such attack by the 
presence c)f some other ])revious, as yet unrecognised, ])rimary lesion, 

{b) Chronic Fibrous Atrophy may a]sf>, but much more rarely, produce 
the condition of Addistm’s disease. This change is a chronic fibrosis with 
extreme atrophy of the glandular structure, analogous to the chang(^s 
observed in the thyroid gland in myxoedema. In such cases, it is some- 
times difficult to fliscover the fibrous rcinaiTis of the atrophied supra- 
renals, unless the arteries be traced to them. 

(c) A clinical picture, similar to, and even indistinguishable from, 
that of Addison’s disease, has occasionally been found in certain cases 
in wliich the supranuiaJs have appeared to be unaffected. In some of 
these, the semilunar ganglia and other parts of t he solar picixus have been 
the seat of degenerative conditions, especially fibrosis. This has led to 
the view that Adefison’s disease may be produced by lesions other than 
those affecting the suprarenal bodies; but it is possible that, in cases 
implicating the solar plexus and neighbouring parts, the vascular or 
lymphatic supply of the suprarenals may have been interfered with by 
the contraction of fibrous tissue in the neighbouring structures, and 
their secretion prevented from passing into the circulation. 

TUMOURS OF THE SUPRARENALS. — Both suprarenals are some- 
times the seat of tumours, e. g, adenomata, or, occasionally, sarcomata. 
These, however, do%iot produce the classical symptoms of Addison’s 
disease, perhaps because sufficient suprarenal tissue is left in an actively 
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secreting condition : or because the tumour-tissue derived from the 
suprarenals may contain or produce — ^imperfectly and aberrantly, it may 
be — sufficient internal secretioji to prevent the occurrence of the disease. 
The commonest neoplasm of the suprarenal is a variety of adenoma — 
usually arising from an aberrant portion of the gland embedded in the 
kidney or, more rarely, in the liver. These tumours, arising from the 
suprarenals and suprarenal “rests/* in which the original structure of 
the organ is more or less recognisable, have been termed hypernephro- 
mata. Their occurrence in conned ion with the kidney is described on 



tia. 384 . — Mixed Miilujiuvtil l umour of Kid'ney^ j.Tobably originating from the inclusion 
or intermingling of neigh bouring tissues d uring embryonic life. The tumour contains 
areas of imperloctly -formed cartilage, small cystic adenomatous spaces, and masses 
of aberrant su])raronal tissue, the dark areas are due to extensive lisemorrhages into 
the tumour. (Edinburgh University Anatomical Museum. Cataloinie Gcn.- 
U. A. w. viii. 3.) ° 

p. 917. They may be simple or malignant, aTid, in the latter case, arc 
frequently mixed with cartilage and other tissue-elements, forming one 
variety of the so-calletl mixed congenital tumours (see fig. 384). 

To Professor E. E. Glyim, who has done much valuable 
work on the subject, we are indebted Jor the following note upon 
Tumours of the Suprarenal ; — “ Primary or secohdary neoplasms are 
r^rO. The three commonest primary tumours are ; — (a) singia or 
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multiple cortical adenoma. Occasionally, diffuse bilateral hyperplasia of 

both cortices occurs — sometimes in ]>scudo-hermaphTO(litisrn {seeiig. 383). 
(b) Gliosarcoma or neurocytoma, derived from the medulla: it is 
invariably malignant, and, in children, frequently produces cranial 
metastascs, sometimes with exo])hthalmos (lliitchinsoids type) : or, if 
it occurs congenitally, infiltrations in the liver (Pepper's type). These 
growtlis, when stained by the usual methods/rosemblo a small round- 
colled sarcoma, (c) Suprarenal Hypernephroma or ‘ Carcinoma ’ (many 
authors call them ‘sarcomas’) — these tumours may produce change, in 
secmidary sex-characters, or Suprarenal ‘Virilism.’ in children, ther<‘. is 
probably invariably precocious growth, usually obesity, hirsutes, i. c, 
premature growth of iiubic hair and often abnormal development of 



Kicj. :{S5. — Mic*r()S(‘()j)ical A]>peara.noo of ooriaiii su])rar('nnl < \nnouM (sOiiTKiil 
with li.i'nintoxylin and oosin). 

(Lont l)y IVofosMor Rrnost Glynn, Liverpool.) 

1. Suprarenal ( Vn tifal 'rumour, simple or typioa]. v 300. 

2. tSu])iarenal (\)rtical 'rumour, malignant or atypical. '< 200. 

“ lional HvpcM'iiophroma." X 300. 

4. Su]>rarenal Medullary Tumour or Neurocytoiha, /.c. composed of uorve- 
t issue. X 300. 

hair on the face and body, also hypertrophy of the external genitals, 
but rarely sexual precocity; in women, before the menopause, facial 
hirsutes is common, menstruation may cease, the uterus, ovaries and 
breasts may atrophy, and, occasionally, the voice cracks. 

“ The tendency of cortical enlargement to increase ‘ maknicss ’ is 
emphasised by their much greater frequency in female than in male 
pseudo-hermaphrodites . 

“ Chiefly owing to the development of the cortex from rncsotheliam, 
these tuinouj;^'*'may resemble either cancer or sarcoma- -occasionally 
both in the same section; some indefinitely recall the structure of the 
suprarenal cortex; but all are unlike the ordinary ‘renal hyper- 
nephroma.* Adamf classifies them as mesotheliomas. The majority 
are malignant,” - . ' 
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DISEASES OF THE PITUITARY BODY 

(Hypophysis Cerebri) 

The hypophysis cerebri is a small, somewhat flattened, greyish-red body, 
which lies in the pituitary‘»fossa or sella turcica of the sphenoid bone at the 
base of the skull. It consists of a larger, anterior or glandular, stomsitodseal 
portion ; in intimate relation with which lies the smaller, posterior part, which 
is connected with the floor of the third ventricle by a delicate, soft, easily- 
ruptured stalk of nervous tissue- -the infundibulum. Both of these portions 
arise originally as hollow diverticular processes, the lumina of which, in 
course of time, in the human subject, usually become obliterated; though 
parts of them — especially that of the glandular j)ortion sometimes persist, 
and may occasionally become distended and form cysts, the lining cells of 
which may shew cilia. In its y)hylogenesis, the gland is originally an organ 
which is situated at the anterior (md of the central nervous canal, into which 
it poured its secretion. 

On microscopical examination, th<'- area anterior to the original cleft or 
diverticuhii' hollow of th(‘, glandular portion, or pars glandularis, consists of 
alveolar spaces loosely filled with glandular epithelial cells. Some of these 
colls are, clear and non-granular (chroma])hobe), but the larger number arc 
granular and stain well (chromay)hil). The majority of the granular cells 
exhibit a marked oxyphil or (msino|)hil njaction to a(;id dyes such as cosin, 
whilst in otliers the granuK's are more basophil. Fine fatty globules are also 
present in most of the cells. Hetvmm the alveoli, there is a very rich plexus 
of blood-ca])ilIaries or sinus-like spaces, and also lymph-spac*es, the lymphatic 
vessels from which join thos(‘. in the fibrous tissu(‘ of the ca|)sule. The narrow 
layer of glandular tissue lyiijg b(*.twcen the original cleft and the posterior 
lobe of the organ forms an interjnediate or boundary laytu, or pars intermedia, 
in which the cells are often arranged in more distinct acini, in the form of 
closed vesicles, some of whi('h may become distemled with a colloid substance, 
giving the s])aces a mor])hological rescunblance to those of the thyroid gland. 
The cells of the pars intermedia may intermingle to some extent with the 
adjacent neuroglia-iibres of tin*- ]>ars nervosa, as far as the continuation of 
the third ventricle into the infundibular stalk; and do not ])ossess coarse 
eosinophil granules. 

The posterior portion, sometim<\s, because of its embryological origin, 
termed the “ nervous ” lobe, or pars nervosa, consists of a loose stroma, chiefly 
comj)08cd of neuroglia-fibres, in which are embedd(‘d numerous spindle-shaped 
and irregular, branching cells, many of which contain granules of pigment. 
Herring regards these cells as neuroglial, and denies the occurrence of nerve- 
cells described by some writers. 

CONGENITAL ABNORMALITIES. — In addition to various cysts which 
may arise from the persistence within the organ itself of the primitive intra- 
glandular cleft, traces of the original connection with the buccal ectoderm 
may be occasionally found, c. g. under the mucous membrane of the phar3mx 
as the so-called pharyngeal hypophysis : within the bone of the basi-sphenoid ; 
or in the dura lining the sella. TliCxSe, in rare instances, give rise to tumours 
or cysts. 

INTERNAL SECRETIONS PRODUCED BY THE PITUITARY.— Though 
they probably exist, and have an important bearing on the development of 
the* bones and other tissues of growing animals, no definite autocoids 
have as yet been demonstrated in the anterior portion; but from the. 
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posterior lobe, including the pars intermedia, the active principles have been 
extracted, and are sold commercially as pituitrin or hypophysin. These contain 
probably more than one autacoid, though some authorities regard the results 
produced as due to the varied action of one substance. Its injection produces 
a marked rise of blood-pressure, with contraction of vessels, including those 
of the heart and lungs, due to direct stimulation of their muscle : increase 
in the force of the individual heart-beats, even if the vagi are cut or paralysed : 
contraction of the plain muscular tissue of the ^stomach, intestine, bladder 
and uterus : dilatation of the renal vessels, and mcreasccl secretion of urine 
due to direct stimulation of the kidney-cells : increased secretion of cerebro- 
spinal fluid (Herring is of opinion that the secretion of the pars intermedia 
finds its way into the cercbro-spinal fluid): and increased flow of milk, from 
contraction of the alveolar walls and ducts, without special increase in its daily 
amount : and dilatation of the pupil. Glycogen disappears from the liver. 
Medicinally, pituitary extract is valuable in tlie treatment of surgical shock, 
post-ansesthetic collapse, and intestinal and uterine inertia, etc., its action 
being a direct one upon the involuntary muscle -fibres themselves. After 
removal of the thyroid, tlie ])ituitary bccom(*s enlarged and altered, the 
colloid-containing vesicles usually developing, and th(^ ])ars int('rincdia shew- 
ing increased activity in the production of tlie hyaline and granular masses 
which jiass from it through the pars nervosa into the infundibulari'xtension of 
the third ventricle. There arc also intimate conni'ctions Ix'tween the functions 
of the pituitary and those of the supraienals, pan(T(‘as, liver, and sex-organs. 
During pregnancy and menstruation, the pituitary undergoes marked en- 
largement. The feeding of poultry on anterior pituitary substance has 
been found to increase greatly their egg-laying (‘apacity. 

Experimental extirpation of the gland in animals has proved that the 
organ is essential to life, (^ompleto nunoval of the anterior lob(^ is speedily 
fatal; but extirpation of tlie posterior nervous part alone does not appear 
to cause any very profound disturbance, even after several months. When 
.the whole gland has been removed, death o<‘cnfs in a few days, thi^, animal be- 
coming lethargic and refusing food, losing muscular toius resjiirations and pulse 
becoming slow and feeble, t(‘m])crature subnormal, and coma supervening. 
In cases of incomplete removal in young animals, development is markedly 
retarded, the animals remaining small, (lull and a])atbeii(*, the sexual organs 
infantile, and ossification imperfect, but with a niarkiid tendency to the 
occurrence of adi])osity, and increased toleration of sugar— -tlie secretion of 
the })ostcrior lobe being “ essential to effective carbohydrate metabolism ” 
(Cushing)- with glycosuria and polyuria, the latter often persisting after tin*, 
former has passed off. 

The anterior lobe of the pituitary gland is subject to toxic and other 
degenerative changes similar to those found in other glandular organs. 
Thus, cloudy swelhng, focal necnjsis, acute and clironic congestion, 
haemorrhage, waxy degeneration, etc., may be found in it. The most 
important lesions in this organ, however, are those associated with the 
disease known as Acromegaly, and also with the closely-allied condition 
of Gigantism. Since these two conditions were discovered to be due to 
the excessive function of the pituitary body, a number of other obscure 
conditions have come also to be attributed to abnormalities of the organ. 
Harvey Cushing ^ classifies these under the following headings : Dys- 
pituitarism,any disorder of the gland ; this usually begins with enlargement 
' Cushing, The Pituitary Body and its Disorders, 1910. 
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of the anterior lobe, accompanied by symptoms due to excessive 
function or Hyperpituitarism (see below); followed eventually, after a 
varying period, often prolonged, by gradual diminution — ^Hypopituitarism 
— t)r even complete loss— Apituitarism — of the functions of the gland. 
These will be best understood from a description of the condition loiown 
as Acromegaly, in which the disease supervenes after the ossification of 
the epiphyseal cartilages, Vhercas, in Gigantism on the other hand, these 
are unossified and the bones can still grow in length. 



Fig. 3S0. — Acromegaly. 'JVpical case showing tJio charactors flescribcd in Uiu text. 
Noto ospoeially the o/ilargcfiient of hands and foot, the largo coarse features of 
of tho face, etc. 


ACROMEGALY was first recognised as a separate disease in 1886 by 
Pierre Marie, who distinguished it from such conditions as myxoedema, 
osteitis deformans, and leontiasis ossea. It is specially characterised by 
enlargement of the extremities — hands, feet, and certain parts of the head 
(see fig. 386) — (hence the name, from axQoi\ a point or extremity : fjiyaQ, 
large), the increase being not only in the bones, but alst) in the. overlying 
soft parts. The increase of the hands and feet is in breadth and thickness 
rather than in length, the fingers being clumsy and sausage-shaped, and the 
great toe usually more markedly enlarged in proportion to the other toes. 
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The forearms and legs are, as a rule, not specially increased. The bones 
of the skull, and especially those of the face, particularly the jaws, are 
enlarged, the lower jaw being usually most aflEected, and often elongated 
and projecting, much beyond the upper, so that the teeth cannot be 
approximated. The bony prominences and ridges are exaggerated, 
and the skull comes to resemble somewhat that of a gorilla. The ears 
and eyelids, the nasal bones and cartilages, and the lips and tongue, are 
increased in size and iliickness; and these various changes, together with 
the thick, coarse character of the skin, produce a very typical picture. 
The skin often shews numerous warty excrescences and pigmented moles, 
and the hair is kmg and coarse. The spinal column fre.(juent]y slunvs 
kyphosis or other type of curvature ; and the ribs, sternum, and pelvis 
arc usually enlarged and thi(;keiied. The abdomen is often protuberant , 
and many of the internal organs, c,g. the stomach, may shew great 
(udargement- -the so-called splanchnomegaly. In the female, ilie uterus 
is usually atrophied. 

Duruig life, such cases, as a rule, j)resent great muscular weakness 
(though tluire may be a ])r(dimiuary period of hy])ertr()])hy and iucreas(‘d 
strength), polyuria in thirty to fifty per cent, of tlic cases, comliined 
with glycosuria (these t^Yo symptoms binng due probably to involvenaMil 
of the ])ars intermedia), sonudimes albuminuria, and cxcessiv(‘, perspiration. 
Bi-temporal hemianopsia and headache may be associated wit h tlie pituit- 
ary enlargement which is practically ahvays ])resent, usually affecting 
cliieliy, and in some eases only, the anterior lobe. TJiis may be the 
seat of a simple hyperplastic enlargement, with little, ap])ar(mt alteration 
in stj'ueture, or, in other cases, carcinoma or sarcoma may b(^ ]U‘esimt. 
Cystic changes, fibrous atrophy, and gummatous and tuberculous disease, 
liave each also been descril)ed in certain of the eases, but appear to be 
I(\ss common causes of the disease. The sella turcica is, as a rule, very con- 
siderably enlarged — a fact usually asoertainalde on X-ray examination --- 
and, ill the case of malignant tumour of the gland, the bones and the 
base of the brain may become infiltrated by the growth. Implication 
of the optic tracts or commissure may lead to the occurrence of bi-temporal 
hemianopsia already mentioned, or even to complete optic atToph 3 ^ 
If secondary degenerative changes or hypoplasia of the gland occurs, 
the symptoms of hypopituitarism may supervene [nee below). Every 
cawse of tumour of the gland need not- necessarily develop acromegal}^ or 
gigantism, as partial or complete destruction of the organ may occur in 
place of increase of its functions. 

In a proportion of cases of acromegaly, there are also lesions present 
in certain otlicr glands. The thyroid may be enlarged, or in some instances 
atrophied, and mixed cases of acromegaly and myxeedema have been 
described. The thymus has been found persistent and enlarged in a few 
cases, and changes may also be present in the salivary glands, pancreas, etc. 

The blood,, in iSiree cases of this disease examined by one of the 
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authors, shewed a distinct and persistent increase in the number of red 
cells, with a moderate diminution in the amount of haemoglobin, and a 
comparatively low leucocyte-count. On differential examination, the 
latter shewed great diminution of the small lymphocytes, and a remark- 
able increase in the number of large mononuclear cells. A slight increase 
in the number of mast-cells was also present from time to time, and 
occasionally exceeded one^per cent, in individual counts. 

GIGANTISM. — ^Wheii changes analogous to those found in acromegaly 
occur in the pituitary early in life, before the ossification of the epi- 
physeal cartilages is complete, the bones may undergo elongation as ^vell 
as increase in thickness, the condition of Giantism or Gigantism resulting. 
Such giants ” are usually delicate and weakly, though occasionally 
their muscular development is in proportion to their increased stature. 
They usually die comjmratively young; or, if they live, they may later 
develop the tyjiical symptoms of acromegaly. 

HYPOPITUITARISM.™ Pituitary insufficiency may be due to disease 
or accident (c.ff. the case of a bullet lodging in the sella turcica), and 
reference has already been made to experimental removal of the gland. 
Hypopituitarism is characterised by the clijucal picture described by 
Frohlich in 1901, to which Bartels gave the name dystrophia adiposo- 
genitalis, and in many ways resembling the results of incomplete 
removal in young animals. If pituitary insufficiency supervenes 
before adolescence, the stature remaijis small, and is associated with 
infantilism and adiposity, and the male may shew ‘'feminism,’’ 
e. ff. })road pelvis, small hands and feet, tapeuing fingers, some degree 
of ffe/iu valgum, absence of ])eard, hair limited to the nions vemeris, and 
sometimes marked develojiment of the breasts. In the female, the mens(\s 
are irregular or absent. The epijdiyscal cartilages persist. The skin 
is smooth and thin and defioicnt in vsecretion, and the nails are small, 
thin, and with their lumiles absent. There is unusual tol(n*anc(^ of sugar, 
which assists in the production of the adiposity. Arterial blood -pressure 
is low, the heart-beat 'sloAved, and there arc often drowsiness, torpidity, 
and mental derangements. If the disease supervenes after adolescence, 
the chief phenomena are lowered temperature, abnormally increased 
tolerance of sugar, adiposity, and, in the male, the replacement of the 
normal trichosis by that of feminine type. A pigmentation of the skin 
somewhat resembling that of Addison’s disease may occur. Just as 
myxoedema may supervene in cases of exophthalmic goitre when 
atrophic changes occur in the previously hyperplastic thyroid, so may 
patients suffering from hyperpituitarism come later to shew symptoms 
of pituitary insufficiency if atrophy of the pituitary supervenes on the 
^^Vipus hyperplasia. The adiposity of hypopituitarism is due probably 
p deficiency of the posterior lobe; whilst dwarfiism, on the other hand, 
is, in many cases, due, in all likelihood, to insufficiency of the anterior 
ortion of the gland. ^ 
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The PINEAL BODY (Epiphysis cerebri) is a small, reddish|^structure,^about 
the size of a cheiry-stone, situated in relation to the poster! orj^part of the third 
ventricle, from which it projects downwards and backwards between the 
superior pair of corpora quadrigemina. It is developed from an evagination 
of the wall of the third ventricle, from which evagination, in certain reptiles, 
a median or third eye originates. The pineal is relatively larger in the child 
than in the adult, and in the female than in the male. Its structure varies 
considerably in different cases, bat it usually shews a number of saccular, 
or, in some cases, somewhat tubular spaces, more^or less filled with epithelial 
cells, and with large capillary or sinus-like blood-chanmOs between the sjiaceak 
Most of tlie cells shew fine oxyphil granules, but some shew basophil granules. 
The stroma consists of neuroglia, and the whole is invested witli a pial covering. 
Tl#. organ undergoes consi(lerable retrogression after puberty. Tlie follicles 
also very frequently contain aggregations of calcareous ]>articl(‘S (the so-called 
‘‘ brain-sand ”), whicli may sometimes be present in markt‘d excess. 

Injection of pineal extract juoduccs a marked, but itunporary, fall in blood- 
pressure (Schafer), otherwise the results have been mainly of nc'gative, char- 
acter. Foa, however, states that cockerels grow more raj)i(lly under its 
administration and shew earlier d<*volo])]nent of th(‘ t(;stich‘s and s(*coridary 
sexual characters. Similar sexual pr(‘c-ocity and iiicn^ast'd statun' have b(‘en 
noted in boys suffl'Ting fiom sonn; forms of })jneal tumour— sometimes 
associated with extraordinary precocious menial development. • 

The only pathological lesions of importance originating from this structure 
ar(i certain tumours. These may b<‘ of the natun* of sim]>le enlargenuuits, 
usually with excess of the gritty i>aTt.ich*s above rcfcrrc'd to (psammomata). 
Cystic growths also occasionally occur; and teratomatous and mixed tumours 
containing cartilage and gland-like elements, sometimes combined with 
sar<‘Oiuatous structure, hav(^ Ix'eii described. 

The CAROTID and COCCYGEAL GLANDS arc rudiniei\tary glandular 
structures, the functions and signifh ance of which ar<‘ unknown. The former 
• arc ])robably paraganglia, related in dev<‘loj)ment to the seri<\s of chromafhiH*- 
bodies of whic.h the suprarenal medulla (q. r.) is an exam])le. The coccygeal 
gland does not ])elong to this scuies, and probably represents an arterio- 
venous anastomosis seen in some of the lowtT niainmals. Tb(‘se. stnietiires 
may oc(*usionally give rise to tumour-growth. 
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“ DISEASES OF THE GENITO-URINARY SYSTEM 

A ijp:tailet) dosciription (3f the normal anatomy and histology of tbo 
dificront parts of tho gooito-iirinary system would bo out of place iji a text- 
book of Pathology. It will be conveitu'nt;, however, wh(‘n we come to 
(Itisciibe some of the structural alterations in the kidne)’s, to give a briid 
ouiUne of tlie minute anatomy of these glands (p. 869).^ 

DISEASES OF THE KIDNEY AND ITS PELVIS 

The ureter, the pelvis of the kidney, and the renal tubules, arise devclop- 
montally as a tulnilar diverticulum or outgrowth from the lower (uid of ih(' 
duct of the Wolffian body or mesonei)hros — the priniitive excretory organ 
of the embryo before the development of the permanent kidney. 

CONGENITAL ABNORMALITIES OF THE KIDNEY 

1. CONGENITAL MALFORMATIONS.— The most importajit of these 
conditionsis coalescenceor fusion of, or a junction between, the two kidneys. 

Each of tlie alTected organs niay be situated in its normal position, but, 
in the majority of cases, one or both may be displaced downwards . lu the 
most usual form of this malfonTiation*“the horseshoe-kidney — ^the lower, 
or, much more rarely, theup])er, ends of the twx) organs are united across 
the vertebral column {see fig. 387). The uniting band is, in some cases, 
composed of true kidney substance, s(;metimes of considerable thickness ; 
whilst, in other ijistances, it consists of fibrous tissue in wffiich there 
is no trace of glandular structure. As already staled, the union is most 
frequently between the lower ends of the t^vo kidneys. Each half of the 
fused mass is usually provided with a single ureter, which passes down 
in front of the uniting bridge. Sometimes, however, one or both of the 
ureters may be double, occasionally throughout the entire length, but, 
more usually, only towards the upper end. There are, as a rule, two 
distinct pelves, which are, in almost all cases, situated towards the anterior 
aspect of the combined organ (see fig. 387). 

A less common variety of fusion is that known as Sigmoid Kidney, 
where the two organs form a continuous or ^gm'oid curve, one kidnej^, 

* F6r a detailed account of the more siq;^ca1[ conditions of this system, the 
reader is referred to such textbooks as J. W* Thomson Walker’s Geniio-Urinary 
(Cassell & Co., Ltd., London, etc., 1914), es^jecially for the appearances 
oh O^t-osoopic Examination, Radiography, etc. ♦ 
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l)eiiig situated below the other, and the line of fusion running veilically 
between the two corresponding ends. This variety may be regarded as 
a horseshoe-kidney which has been partially rotated so that the concavity 
is turned to right or left iyjstcad of upwards. 

Sometimes the fused organs are considerably displaced, the mass 
lying, it may be, towards one side of the abdoinei\, or even at the brim, 
or in th(i cavity, of the pelvis. 

2. ABNORMALITY IN NUMBER.- The presence of a third kidney 



Fio.' [iS7. — JIorsinhoc-K^diny. Tho Icmor cmls of llio orjiaiiK arc united by a tliick bridge 
of' gJandnlar tissue passing across the middle line. 'I'he uietcas (into which ])ristl(‘S 
have been inserted ) jiass down ant oriorly. (Edinburgh I 'ni \ (usity Anai omical Musi^uni. 
Catalogue No., Gen. U. A. a. 1.) 


is an extremely rare condition. Occasionally, onl}^ one kidney is found 
— the so-called Sqlitary Kidney. When the other organ is entirely absent, 
the ureter and the renal vessels are also absent on the same side. In 
some cases, traces of the other kidney are present, and may be discovered 
, by following the course of the vessels or ureter, which, in such cases, may 
t;^ot be entirely absent. 

The Solitary Kidney'* may^be increased in size, but this is by no means 
essential. Its vascular suppy^^ia often abnormal, for example it may 
receive branches from the iliac or" other arteries. In health, this single 
kidney may efiecti’jely carry on the work of renal secretion; but, if it 
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becomes the seat of tuberculous disease, or if impaction of a calculus o^ccurs 
in its pelvis or ureter, or if, from any other cause, its function is interfered 
with, the results will naturally be more serious than if there were another 
kidney to aid in the process of excretion. 

3. INEQUALITY IN THf SIZE OF THE TWO KIDNEYS may be a 
congenital condition arising from arrested development or from disease 
during intra-uterine life ; or it may occur later in life from disease, for 
example, from the impaction of a calculus producing loss of function and 
atrophy on one side. Similarly, localised vascular lesions may interfere 
with the normal growth of the kidney in VQung subjechs, at with the 
maintenance of its nutrition in the adult., Other causes of inequSRty 
in the size of the two organs will be described under such headings as 
Tumours, Cysts, Inflammation, etc. 

4. ABNORMALITIES IN THE SHAI^ OF THE KIDNEYS, and IN 
THE ORIGIN OR DISTRIBUTION OF THEIR BLOOD-VESSELS, are 

frecpiently found in conjunction with the foregoing conditions. The 
genital organs iiiay or may not shew associated abnormalities, for example 
they may be rudimentary, or even absent, on the same side as the affected 
kidney. 

5. ABNORMALITY IN POSITION.- This may be congenital or 
acquired. In CONGENITAL MALPOSITION — dystopic kidney -all degrees 
of displacement may be found, from cases in which it is comparatively 
slight to those in which the organ may be tound just above, at, or even 
below, the brim of the pelvis. It may lie over the sacro-iliac joint, or 
in the hollow of the sacrum (Sacral Kidney). In the female, such abnor- 
malities in position may lead to interference with parturition, and render, 
the displaced organ very liable to injury during the process. The 
corresponding suprarenal body is usually not associated with the kidney 
in such displacements, but is found in its normal position, and possesses 
its normal vascular sup]Jy; whereas the origin of the vessels supplying 
the dystopic kidney is disjJaeed downwards, e.g. they may arise from the 
lower part of the aorta, the common or internal iliac, the middle sacral, 
or the inferior mesenteric artery. The kidney-tissue may be normal 
or diseased, and there may be associated defects in the bladder, rectum 
and genital organs, which, if unilateral, occur on the same side as the 
affected kidney. 

MOVABLE or FLOATING KIDNEY— NEPHROPTOSIS.— All degrees of 
this condition may be found, from a slight increase in the normal mobility 
up to cases in which the organ — ^most commonly the right — can be moved 
to almost any part of the abdominal cavity. This mobility is due 
usually to an abnormal laxity of the peritoneal and fasciaj investments 
covering the anterior surface, and of the fat and cellular tissue around 
the organ. The kidney may have an incomplete peritoneal covering, 
or may, in rare cases, even possess a complete investment and mesentery 
containing the renal vessels and ureter. In some ^qses, the condition 
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appeats to be a congenital one ; but in others, it is an acquired abnormality, 
the most frequent cause being repeated pregnancy, especially when com- 
bined with great .relaxation of the abdominal parietcs, etc., or where 
there has been absorption of the perinephric fat which helps to support 
the kidney in position. The condition is, therefore, found most commonly 
in women. The right kidney, as already stated, is more frequently 
affected than the left ; and it is very rarely that both organs are freely 
movable. Occasionally, the displaced kidney may become adherent in 
some abnormal position ; or again, torsion of the vessels and of the ureter 
may, occur. 

6. PERSISTENCE OF FCETAL LOBULATION is of extremely common 
occurrence, but is of little pathological importance. It is due to incom- 
plete fusion of the lobar divisions in the foetal kidney, which divisions 
should normally disappear. All degrees of this condition may be found, 
and, when slight, should not be mistaken for the depressions caused by 
the absorption t)f old infarcts, retention-cysts, etc. The capsule is 
adherent to the septa between the persisting lobes ; and such organs 
frequently shew one or more medium-sized arteries penetrating fhe 
kidney substance between these lobes. 

7. ABNORMALITIES OF THE URETERS occasionally occur, for 
example, doubling — ^which may be partial or total —abnormal origin, etc. 
The ureters may be involved in congenital abiiormalities of the bladder; 
and, occasionally, they may even open into the rectum. Twisting or 
abnormal bends on the ureter may lead to hydronephrosis {see fig. 388). 

Congenital dilatation of one or, more usually, both, ureters, some- 
times extreme in degive, is occasionally found, often without any obvious ' 
cause and where no obstruction to the outflow of urine from the ureter 
itself, or from the bladder, can be demonstrated. 

8. “ INCLUSION ” OF SUPRARENALS.— This may vary from partial 
adhesion or fusion of the suprarenal body up to its total inclusion within 
the glandular substance of the kidney. Abnormal portions or super- 
numerary suprarenals not infrequently occur as inclusions within the 
kidney, the main suprarenal body being found in its usual position . These 
suprarenal inclusions or “ rests ” may, later, become the site of tumour- 
formation. 

9. CYSTIC DISEASE OF THE KIDNEY.- (Synonyms : Cystic or 
Polycystic Kidney, Cystic Degeneration of the Kidney.)— -Two varieties 
of cysts in the kidney may be met with, viz. (1) those which are primary, 
and apparently congenital; and (2) cysts which are secondary to other 
diseased conditions. It is to the former of these that the term Cystic 
Kidney is specially apphed. This condition may be found well advanced 
in the foetus in utero, and may, owing to the large size of the affected 
organs, sometimes cause obstruction to parturition, and necessitate 
the evisceration of the foetus. The disease is not confined to any special 
age, but may be found even in very old persons. If uncomplicated 
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by other renal disease, it may give rise to no definite symptoms 
during life, and Iddneys shewing advanced cystic disease may be 



Fig. 388. — Hydronephrosis arising from twisting and abnormal kinking 
of tho uroter. 

found on post-moriem examination in cases where its presence had 
been quite unsuspected during life. It is difficult to affirm positively 
that, in every instance, the condition has be®n a congenital one, 
and has not developed later, i. c. during extra-uterine life. The 
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disease is slowly progressive, and, in all cases, affects both organs, 

though sometimes not to a similar degree. The kidney's may be greatly 
enlarged, e.g, they may measure some six to eight, or nine inches in 
length, the general shape of the organ being usually preserved. Pro- 
jecting from the surface, and studded throughout the substance of the 
kidney, are innumerable cystic spaces, varying in size from some which 
are just visible to the naked eye, up to those^ about as large as a pea 



A. 


B. 


Fig. 380. — Cystic Kidney. A. — Outer Surface. 15. — tSoctioii. 


or a marble or slightly larger. They are lined by a layer of simple, 
flattened epithelium, and their contents— -which may be fluid, mucoid, 
or colloid in consistence — vary in colour, and may be clear and colourless, 
yellowish, or brown or reddish-brown from the presence of altered blood- 
pigment. Most of the cysts do not contain any of the special urinary 
constituents, though traces of urea may be found in some of them. 
Although, on naked-eye examination, there may appear to be almost no 
normal secreting glandular tissue left between the cysts, yet, microscopic- 
ally, a considerable amount may be found stretched and distended around 
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them. In most cases, there is sufficient kiiiney-substance present to 
enable the organs to carry on their functions more or less efficiently. In 
other cases, uraemia may supervene, either from the progress of the disease 
itself, or from some intercurrent affection of the organs. 

etiology , — Several hypotheses have been suggested with regard to 
the causation of the condition. Virchow was of opinion that it was 



Fio. 390 . — Diagrammatic representation oj the Structure and Blood-Supply 
of the Kidney. A, cortex; B, boundary zone; C, medulla. (For 
detailed description sec text.) 

caused by inflammatory clianges and interstitial overgrowth of fibrous 
tissue, leading to compression of the tubules and to their subsequent 
distension above the sites of constriction, i. e. a sort ot, chronic inter- 
stitial nephritis. This explanation appears an unlikely one, both from 
the l&linical, and from the histological, study of such cases. Other patho- 
lo^ts^are of opinion that it is produced by “ embryonic intermingling ’’ 
,^i .the meso- and meta-uephros~the primitive and the permanent 
lixcretory organs respectively — ^which are developed in close proximity 
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to one another. A third suggested explanation is that, early in develop- 
ment, some of the tubules of the kidney may not succeed in efEecting a 
junction with the corresponding glomeruli which should grow out from 
the mesothelium to meet them ; or that the cysts may possibly arise from 
excess in number either of the tubules or of the glomeruli, with subsequent 
distension of the supernumerary structures. 

It is not very uncommon in cases of cystic kidney to find an associated 
cystic condition of the liver, or, more rarely, of the pancreas, or of some 
other organ. 

INJURIES OF THE KIDNEY 

Contusion and rupture of the kidney may result, without external 
wound, from a direct blow on the loin or over the lower ribs, or from 
indirect violence such as a fall upon the buttocks or forcible flexion of the 
body. The capsule may or may not be involved in the tear, and the 
efEusion of blood and urine will be subcaj)su1ar or extracapsular accord- 
ingly. Lacerations may be of all degrees, from a slight crack to an 
extensive tear, and are usually transverse or slighlly oblique, 'and most 
frequently on the anterior surface. The pelvis atul renal vessels may 
be involved, and the ureter may be ruptured, with varying results. The 
commonest symptoms are shock, usually severe^ but sometimes delayed 
in slighter cases, pain, swelling, and haematuria (in over ninety per cent.). 
Healing of lesser degrees of rupture usuall}^ occurs rapidly by vascularisa- 
tion and organisation of the extravasated blood, and fibrous -tissue 
formation, the contraction of the latter resulting in a scar somewhat 
resembling that of an old infarct. In some cases, blood-clot may block 
the ureter, leading to traumatic hydronephrosis, which may also result 
from cicatrisation of fibrous tissue. Bacterial infection sometimes super- 
venes in such cases, either from below or via the blood -stream. Injury to 
the kidney in association with an external wound, e. g. due to stabs or 
bullet-wounds, is almost always accompanied by infection, and, in addition 
to haemorrhage and escape of urine, prolonged suppuration may follow. 

STRUCTURAL DISEASES OF THE KIDNEY ^ 

In the various vascular, inflammatory, and degenerative diseases to 

which the kidneys are specially liable, both organs are almost invariably 
affected — though not necessarily to the same extent or degree — ^as, from 
their anatomical relations and physiological functions, they are subject 
to practically identical conditions, for example, the necessity of excret- 
ing from the blood certain substances, normal or abnormal, which may 
have an irritating and deleterious effect upon their exceedingly complex 
and delicate structure. All the component tissue-elements of the kidney 
may be, and most commonly are, simultaneously affected throughout 

1 For the classification and descriptions of these diseases, the authors are in- 
debted largely to Greenffeld’s “ Resume of Eenal Pathology in the New Sydenham 
Society’s Atlas of Illustrations of Pathology, 1877, 
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the organ, though usually In varying degree. Thus, in some cases, the 
glomeruli may shew relatively greater changes than the other structural 
elements, whilst, in other instances, either the tubules^ the vessels, or, it 
may be, the interstitial tissue, may exhibit pathological changes which 
are relatively more marked in any one of them than in the other con- 
stituent tissues. In order properly to understand these pathological 
variations, it is of importance to have a clear conception of the normal 
structural arrangement of the kidney-tissues, of which the following 
summary may be given. 

f 

Each organ is built up of an enoruious number of A 'hat may be regarded 
as elongated, conical, compound glands, closely packed side by side, each with 
its base at the surface of the organ, and its apex at the summit of one of the 
Malpighian })yraiiiids, the whole organ being invested by a strong but thin 
and transj)arent, comparatively non-adherent, fibrous membrane or capsule. 
All these kidney-elements or primitive cones have a similar structure, each being 
grouped around its corresponding collecting tubule. 

Each kidney-tubule (see fig. 390) commences as a spherical dilatation, 
known as •Bowman's capsule (I), into whi(*h hangs tlie capillary tuft or 
glomerulus - capsule and glomerulus being together known as a Malpighian body 
or Malpighian corpuscle. The capsuh*. opens by a narrow neck or constriction (2), 
into the proximal convoluted tubule (3), which is situated in the cortex, usually 
in close proximity to its own glomerulus. It then, as the spiral tubule (4), 
becomes less cojivoluted, and enters a medullary ray in which it descends. 
At the junction of the cortex and the meclalla it becom(*s much narrower, 
and passes straight down tlirough the boundary zone of the })yraniid as the 
descending limb of Henle's loop (5). Towards the a})ex of the pyramid, it 
turns suddenly upon itsc'lf (G), and passes up again as the ascending portion 
of the loop (7-^), wdiich, w^lien it re-enters the hoiuidary zone (at 7), again 
becomes wich'r and is lined by columnar secreting epithelium. It emerges 
in the cortex as the irregular tubule (8- 9), which, in turn, becomes the distal 
convoluted tubule (10, 11, 12). This then re-enters the medullary ray as 
the short junctional tubule (12), which joins one of the collecting tubules (13- 
14), several of wliich unite and pass down in the medullary ray. Near the 
apex of the pyramid, several of these, larger collecting tubules join to form one 
of the excretory ducts or tubes (15), several of wdiieb open into one of the calyces 
of the ureter at the apex of each papilla. 

The character of the epithelium lining these different parts of the uriniferous 
tubules varies greatly in structure and in function, a point of extreme importance 
pathologically, as it may suffer damage in very varying degree at different 
parts in the course of the tubule. The interior of Bowman’s capsule is lined 
by a continuous layer of flattened endothelial cells, which closely resemble 
vascular endothelium, not only in structural appearance and development, 
but also in their pathological reactions. This layer of cells is situated upon 
a delicate basement-membrane, wdiich, in turn, is supported externally by 
a fine layer of connective tissue. The proximal and distal convoluted tubules, 
the secreting or ascending portion of Hcnlc’s loop, and also the spiral and 
irregular tubules, are lined by very highly endowed columnar^ecreting epithe- 
lium. The cyto-reticulum of these cells is very distinct, and true cell-granules 
may be demonstrated by special staining methods. The protoplasm shews 
vertical striation towards the deeper part of the cell. These cells interlock 
irregularly, but are probably distinct from each other, and not syncytial in 
nature. They are much more easily damaged by toxic irritants than 
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are the clear, flattened cells lining the descending or narrow part of Heiile’s 
loop, and the clear, cubical or columnar cells of the junctional and collecting 
tubules and the excretory or uriniferous ducts of Bellini 

The distribution of the blood-vessels of the kidney is aL^o of great importance 
pathologically {see fig. 390). The renal artery divides into four or five primary 
branches, which pass in at the hilus and proceed into the kidney-substance. 
At the level of the bases of the pyramids, these divide into the arterial renal 
arches (aa), which, in turn, give off the interlobular arteries (a?) to the cortex, 
and the arterioles rectae {ar) to tlie medulla. The interlobular arteries {ai) 
pass directly outwards through the cortex between the medullary rays, so 
that, in a vertical section, these two sets of structures will alternate with each 
other, forming regular radiating lines in the cortex. 'I'lie interlobular arteries 
give off a series of short twigs, the afferent arterioles, each passing to a Mal- 
pighian body ((/), in which it breaks up into a little buncfi of capillaries which 
are invaginated into Bowman's (japsule, forming the glomerular tuft or 
glomerulus. This tuft is loosely covered by a single layer of somewhat ])olygonal 
epithelial cells, which arc essentially different from the cells lining Bowman’s 
capsule. The capillaries of the tuft become reunited into a single small vessel, 
the efferent arteriole, which emerges near the afferent arteriole. This efferent 
vessel again breaks up, forming the intertubular plexus of capillaries (/'p), 
and it may also, if near the boundary zone, send a twig down into tlie medulla 
(pseudarteriolae rectae {ar')). The interlobular capillaries unite 'into small 
venules which, together with the stcllaki veins (c,s) und(‘r the ca])sule, go to 
form interlobular veins (vi). Tlnsse, in turn, run into the venous renal arches 
(va)y from which are formed the main renal veins, 'rin^ arteriolae rectae (ar) 
pass down into the medulla, and divide into leasings or jiencils of minute vessels 
which run down nearly parallel with one another, these, bundles of Ferrein ’’ 
alternating with the bundles of tubules, and giving 1he characteristic striated 
appearance to the ]>yramids. Oorrcsjionding venulae rectae (rr) pass up to 
join the venous renal arches. 


Owing to the presence of the fibrous capsule, especially if it is thick- 
ened by disease, profound changes may sometimes be present in the 
kidney-tissue with little or no alteration in the size and naked-eye appear- 
ance of the organ ; though, in many instances, bot h of tliese are greatly 
altered. Microscopical examination is, therefore, essential for the proper 
investigation of such specimens, and too much trust should not b(i put on 
the naked-eye appearances, tlioiigh, of course, these may often give very 
important information as to the nature of the lesions present. 

The naked-eye examination of the kidney, to be of any value, must 
be systematic, and should include the observation of such points as its 
position, size, shape, weight, consistency, condition of the capsule, surface, 
and sectional appearances (see footnote ^). 

^ Note. — Systematic Naked-eye Examination of the Kidney : — 

1. Position, etc., while still in the body. 

2. Size, shape, and weight — average to 9 oz. (about 240 to 250 grammes), 

or about 1/ 240th of the total weight of the body. 

3. Consistency, e. g- soft and flabby as in fatty degeneration, etc. 

4 Capsule — adhesions to surrounding fat and areolar tissue, and to the kidney 
itself ; thickening, lamination, etc., these chants generally pointing to some 
vascular derangement, the adhesions, etc,, being due to establishment of a 
collateral bloo<i&supply. 
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Bearing in mind what has been said above with regard to the fact 
that^ as a general rule^ no one component tissue-^ment^p^^ 
be affect^ ailone^m of all, tEe elementary pathological 

cEanges may, ior descriptive purposes, be grouped under the following 
headings : — 

A. — Those affecting the Malpighian body and its constituent parts t, e. : — 

(а) The glomerular Juft and its blood-vessels (afferent arteriole, 

capillaries, and efferent arteriole). 

(б) The epithelium covering the tuft. 

(c) Bowman’s capsule with its endothelium and connective tissuf.' 

B. — Those affecting the interstitial connective tissue of the kidney. 

C. — ^Those affecting the renal vessels, including arteries, capillaries, and 

veins. 

D. — ^Those affecting the secreting and uriniferous tubules or glandular 

tissue proper. 

After some of these more elementary lesions have been dealt with, 
the various degenerative and inflammatory conditions which may be found 
in this highly complex and delicate organ will be better understood. 

6. Surface : — 

i. Smoothness or roughness after stripping capsule, e. g. cicatriccjs, granularity, 

lobulation, presence of cysts, infarcts, abscesses, tubercles, etc. 

ii. Colour — depending largely on condition of superficial veins and capillaries — 

any engorgement of stellate veins : mottling, pallor. 

6. Vertical Section : — 

i. Proportional thickness of cortex and medulla, and of superficial and inter- 

pyramidal parts of cortex. Absolute and relative increase or diminution 
of any of these. Presence of cysts, infarcts, abscesses, tubercles, etc. 

ii. Differences in colour in tlu^se parts: mottling, etc. 

iii. Vascularity of the varjous i)arts — depending greatly on the mode of death, 

presence of heart-disease, etc. Note particularly the condition of vasa 
recta (especially the veins) running down into medulla, lines of inter-lobular 
vessels, and glomeruli if these are visible. Presence of luemorrliagcs. 

iv. Regularity in arrangement of cortex, esiiecially superficial part, shewing 

alternating lines of tubules and vessels. These should be regular, and not 
broken up. Presence of cysts. Condition of medullary rays : presence of 
“ fibromata,” etc. 

V. Ureter, pelvis, and calyces — dilatation, obstruction, presence of calculi, 
vascularity of mucous membrane, petechial hfcmorrhages, etc. Amount 
of fat in the hilus — often increased in atrophic conditions of the organ. 

7. Condition of renal arteries — both larger and smaller branches — atheroma, thicken- 

ing, patency, etc, 

8. Reactions for waxy degeneration (Iodine) : presence of heemosiderin (Prussian-blue 

reaction), etc. 
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A.-LESIONS AFFECTING THE MALPIGHIAN BODIES 

I. BLOOD-VESSELS 

1. FATTY DEGENERATION of the capillary endothelium of the 
glomerular tufts may be very extreme in cases of phosphorus-poisonuig. 
It may also occur in acute alcohol- and in dela^'ed chloroform-poisoning. 
In subacute diffuse nephritis, a slight degree of fatty change may be 
present, and the condition is frequently found as an accompaniment or 
seqflcl of waxy degeneration . 

2. WAXY'or AMYLOID DEGENERATION, in the case of the kidney, 
is due to the usual causes which produce the disease elsewhere, especially 
syphilis and chronic tuberculosis. In our opinion, it is never “ the result 
of Bright’s disease,” as is often erroneously stated. One of us ^ has 
recorded the occurrence of amyloid degeneration in four cases of chronic 
heart-disease, in w^hich the usual causes were definitely excluded, and 
where the only ai)pareTd a3liological factor was the poison, of acute 
rheumatism. 

The kidneys may, in rare cases, be the only organs affected ; but, much 
more commonly, there is associated waxy degeneration of the liver, 
spleen, and perhaps of the intestines and other organs. Waxy disease 
may be the only lesion present in the affected kidneys, but, very com- 
monly, it leads to, or is associated with, other degenerative or inflammatory 
conditions, which are brought about either by its interference with the 
efficient elimination of the toxic products of metabolism, or by the causes 
which also produce the amyloid change. For this reason, i. e. because of 
the variations in the associated lesions, in any given instance of waxy 
disease of the kidneys, the naked-eye and histological appearances of the 
organs may vary within very wide limits, and, for purposes of description, 
the following four groups of cases may be recognised. 

i. Pure Waxy Disease. — When amyloid degeneration occurs alone, 
the kidney may exhibit very slight naked -eye alteration, or there may be 
a somewhat translucent appearance, especially in the cortex. 

ii. Waxy Disease combined with some other degenerative condition, 
especially fatty degeneration, and also very commonly with catarrhal 
changes. In such^ cases, the organ is increased in size, and the glandular 
tissue is of a dull yellowish-white colour, and, on close inspection, exhibits 
a finely mottled appearance, due to a mixture of opaque white or yellowish- 
white fatty areas and the more translucent areas of waxy change proper. 
This combination with fatty degeneration is what gives the appearance 
that used to be known as “ large white kidney ” — a term which is now 
sometimes applied to an entirely different condition, and is one which we 
consider it inadvisable to employ. 

1 Beattie, “ Rheumatic Fever and Amyloid Degq||^tion,'’ Brit. Med. Jmr.^ 
November 24 , 1906 . • * 
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iii. Waxy Disease combined with interstitial changes. — ^This com- 
bination of lesions is found especially in syphilis. The kidneys may be 
considerably enlarged, and may shew marked overgrowth of the interstitial 
connective tissue. 

iv. Extensive Atrophic Changes may supervene in organs affected by 
any of the above-described vascular, catarrhal, or interstitial lesions. 
The kidney, in such a c#.se, may become small in size, and present an 
irregular surface closely resembling a small granular contracted kid- 
ney.’’ The size and appearance of the kidney in waxy disease, therefore, 
depend greatly upon the associated conditions which may be present. 

Sequence in which the kidney-structures are most commonly involved. 
As is usually the case in any given organ or tissue, the disease affects 
first the “ ultimate arterial distribution.” In the cortex, the change 
begins usually in the afferent arteriole of the glomerulus, from which it 
slowly spreads into the glomerular capillaries, the efferent arteriole of the 
glomerulus, the intertubular capillary network, the interlobular veins, etc., 
and, at the same time, it spreads backwards to the interlobular arteries. 
It may also come to affect the delicate connective tissue and basement- 
membranes of the tubules. In the medulla, it begins in the arteriolae rectse, 
and may spread to the supporting connective tissue between the tubules. 

In certain very rare instances, especially in cases of congenital syphilis 
in children, an exceptional method of distribution may be found, in 
which the disease is confined to the interstitial supporting connective tissue 
between the collecting tubules towards the apices of the Malpighian 
pyramids. 

The waxy material exhibits the usual staining reactions with iodine,' 
methyl violet, etc. (see pp. 59—60). 

3. HYALINE DEGENERATION is a toxic condition which occurs as 
the result of the acute action of certain bacterial and other poisons. It 
is found especially in scarlet fever and, to a less extent, in diphtheria. 
It may also occur in some of the more chronic diseases, such as chronic 
Bright’s disease, chronic lead-poisoning, etc. 

Distribution of the change. — ^Hyaline degeneration may affect the 
coats of the afferent arteriole, for example in scarlet fever, and may lead 
to the occurrence of thrombosis ’within the vessel. In some cases, the 
degeneration may spread into the capillaries of the glomerulus and to 
the fine connective tissue between them, giving the tuft a swollen, homo- 
geneous appearance. It may also extend backwards along the walls of 
the afferent arteriole to the smaller branches of the interlobular arteries, 
especially in some of the more chronic forms, and it may, in some cases, 
affect the basement-membrane of Bowman’s capsule. The^inner, and also 
the -middle, coats of the arterioles become swollen and present irregular 
homogeneous masses, which may narrow and even close the lumen, 
le%4^ng to obliteration and fibrous changes in the glomerulus. (For a 
fuiler description of Hyaline Degeneration, see p. 64^ ^ 
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II. EPITHELIUM COVERING THE GLOMERULAR TUFT 

The pathological changes in this layer of epithelial cells are not so 
characteristic as those found in the endothelium lining the capsule, the 
two layers differing from one another, both in their developmental origin 
and in their pathological reactions. The cells of the former may exhibit 
cloudy swelling, fatty degeneration and sinAlar conditions, usually 
associated with other glomerular changes. 


III. CAPSULE OF MALPIGHIAN BODY (Bowman’s Capsule) 

The pathological reactions which may occur in the lining endothelium 
and basement-membrane of Bowman’s capsule, and in the surrounding 
connective tissue, are of the greatest importance — for example, in sub- 
acute diffuse nephritis, these reactions are so marked that some forms of 
this condition have been called glomerular nephritis, the changes in the 
capsule itself havijig received such names as “capsulitis,” “ endocapsulitis,” 
“ glomerulilis,” “periglomerulitis,” eic. The reactions usually bring 
about a thickening or a swelling of the capsule, and may be grouped under 
three heads. These may occur in varying degree in any given case. 

i. Pericapsular proliferation and leucocyterinfiltration— often most 
marked round the efferent artcuiole or venule. 

ii. Thickening of the capsule itself is found in subacute diffuse 
nephritis, especially in scarlatinal cases, and is due to a toxic swelling 
of the connective-tissue lamina) of which the.capsule is composed. This 
change may shew as a clear, homogeneous swelling, or as a fine lamination 
or infiltration. 

iii. Swelling and proliferation of the endothelial cells lining the capsule. 

This is the most important alteration — ^these cells in many ways reacting 
like vascular endothelium, and differing completely from the cells lining 
the secreting tubules, and from those covering the tuft. They are 
mesothelial in their characters and reactions, and are s])e,cia]ly liable to 
proliferative changes precisely resembling those occurriug in the lining 
endothelium of vessels in the condition of proliferative endarteritis — a 
progressive laminated thickening at first cellular, but later becoming 
fibrous in character, which fills up the lumen of the capsule. These changes 
lead to, and bring about, adhesion between it and the tuft. At a later 
period, the tuft, owing to compression and loss of function, .becomes 
shrivelled and atrophied. (See figs. 391, 399, and 400.) 

This obliteration of the glomeruli will also affect the tubules in the 
neighbourhood — 

(1) By lessening or abolishing the watery secretion from the glomerulus, 
and so preventing the proper flushing or washing out of the corresponding 
uriniferous tubule. 

(2) By cutting ftff the blood-supply normally passing through the 
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glomerulus to the neighbouring part of the cortex by way of the efferent 
arteriole and intertubular capillaries {see fig. 390). 

If these changes take place slowly, a progressive atrophic condition 
is produced, the epithelium of the tubules becoming smaller, and the 
cells losing their typical “ granular ” and striated character, and coming 
to resemble mere duct epithelium {see fig. 402). A more rapid degenera- 
tion of the epithelium results if the glomerular changes are acute. The 
corresponding interlobular arteries lose their function, and undergo 
obliterative changes. Small anastomosing vessels then pass in from the 
surface, causing adhesion and dipping in of the capsule. In the aj’eas 



Fig. 391 . — Subacute Nephritis, with rnarkoil glomonilar changes. The 

gloracrnli shew progressive proliferation of tho colls lining Bowman's capsule, and 
the other changes described in the text, x 50. 

of the cortex in which the tubules are degenerating, atrophy and con- 
traction of these structures gradually occur, and may be followed by 
overgrowth of fibrous tissue. In the intervening areas, the tubules 
undergo dilatation. Thus, the vascular markings become distorted. 
These phenomena are best illustrated in one of the forms of granular 
contracted kidney {see figs. 403 and 405). In the kidneys of old people, 
small, isolated, rounded, laminated fibrous nodules are often seen micro- 
scopically, These are the remains of Malpighian bodieh which have 
undergone a similar degeneration owing to the cutting-ofE of their blood- 
supj^ly by senile changes in the vessels. Glomeruli shewing intermediate 
stages of the process may also be observed, e. g. laminated thickening 
of capsule, shrinking of the tuft, etc, ' # ^ 
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B.— LESIONS AFFECTING THE INTERSTITIAL CONNECTIVE 
TISSUE OF THE KIDNEY 

The supporting or interstitial connective tissue of the kidney varies 
greatly in amount in different parts of the organ. It is most abundant in 
the pyramids, especially towards their apices, whilst in the cortox, between 
the tubules and glomeruli, it is extremely scanty, and forms a very delicate 
network between these and the capillaries, lymphatics, etc. It is some- 
what more plentiful around the vessels ; and pathological changes, e. g, pro- 
liferation, leucocyte-emigration, etc., are, therefore, usually best marked 
round these, and also round the glomeruli. In some cases, however, 
there may be a more generalised interstitial overgrowth. Such over- 
growth is very common in subacute and chronic inflammatory, and in 
degenerative, conditions, and may occur cither })riinarily, or secondarily 
to changes in the glomeruli, tubules, or vessels. 


C.-LESI0NS AFFECTING THE VESSELS OF THE KIDNEY 

Changes affecting the vessels of the kidney are highly important, 
e.g, in relation to regulation of blood-pressure, blood -flow, and excretion 
of urine ; and the vessels are profoundly diseased in almost all cases of 
chronic renal disease. 

(a) ARTERIES. — The arteries of the kidney arc liable to the ordinary 
diseases affecting vessels elsewhere. They are specially exposed to 
conditions of strain from alterations of blood -pressure, which is high during 
active excretion, and also to damage from the action of soluble toxic 
substances, normal and abnormal, which it is part of their function to 
excrete from the blood. On section, the larger arteries may stand out 
prominently and appear abnormally large and dilated (see fig. 403), and, 
on microscopical examination, end- and peri-arteritis may be observed, 
often associated with fibrous thickening or, it may be, a true hyper- 
trophic condition — most frequently, perhaps, a combination of both fibrous 
tissue Wd muscular proliferation — of the middle coat (see fig. 392). 

In addition to the other recognised factors in their production, ather- 
omatous changes are specially liable to occur where there is local obstruc- 
tion to the circulation of the blood through the organ, and this may be 
caused in the kidney- lesions, especially in the vessels, by the glomerular 
changes above described. The atheromatous and the glomerular changes 
react on one another, and, when once set up, each will tend to aggravate 
and increase the other. 

When excretion kidneys becomes defective or deranged, an 

irritative spasmodic contraction of all the small arteries throughout 
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the body may be produced, due to the action of some substance or 
substances of more or less unknown nature, which should be excreted 
by the kidney, and which, therefore, naturally have very marked local 
effects on the vessels of the kidney itself. 

Acute changes in the cortex have a special tendency to begin around 
the inter-lobular vessels near the boundary zone; whilst most of the 
chronic changes tend rather to begin towards the surface of the kidney, 
i. e. nearer the terminal distribution of the vessels. 

Hyaline degeneration of the smaller arteries and arterioles has been 
already mentioned (p. 874), as has also Waxy Disease of the renal vessels 
(p. 873). 



Fig. 392. — Chronic Gramdar Contraction of Kidney. Medium -sized artciy, in transverse 
section, showing proliieration of intima, ami hypertrophy and fibrous thickening 
of middle coat. There is marked iiorivascular jiroliforation of fibrous tissue- X 60. 

(6) CAPILLARIES 

i. Of Glomeruli (already considered on p. 873). 

ii. Inter-tubular Capillary plexus.— This, as already explained, is 
specially liable to be affected by glomerular disease. The vessels are very 
intimately connected with the tubules which they supply, and between 
which they run, and therefore are likely to suffer in disease of the tubules — 
for example, they will be compressed by swelling of the tubular epithe- 
lium. They will also be affected by any interstitial proliferation around 
them, and may become ' compressed and narrowed to a varying degree 
in such conditions. 

iii. Vasa Recta and Capillaries of Medulla. — ^The arteriolse rectse, given 
off by the arterial renal arches — and to a sbght e;gten.t from the inter- 
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lobular arteries and efferent glomerular arterioles near the boundary- 
zone, see fig. 390 {ar, ar), p. 868 — pass down into the medulla, and divide 
into leashes of straight capillaries which run between, and supply, the 
looped tubules, collecting tubules, and uriniferous ducts. These vessels 
are specially subject to Waxy Degeneration, as already indicated, and 
are also liable to become dilated in cases of acute, and more particularly 
of chronic, venous congestion. ^ 

(c) VEINS . — These shew specially the chang(^s described under 
chronic venous congestion {see p. 908). 


D.— PATHOLOGICAL CONDITIONS AFFECTING ESPECIALLY 
THE TUBULES OF THE KIDNEY 

Degenerative changes may occur very readily in the epithelial cells 
of the tubules, especially where these are most highly endowed and 
specialised, i, e. in the proximal convoluted tubule, the ascending or 
broad part of llenle’s loop, and, to a less extent, the distal Convoluted 
tubule. Such damage to the epithelium may be due to the action of 
bacterial toxins, e,g. in diphtheria, pneumonia, etc.: or of certain toxic 
products of metabolism, such as are produced when renal or hepatic 
excretion is abnormal, or from other causes. Poisons, such as corrosive 
sublimate and cantharides, may also cause very intense degenerative 
changes in the renal epithelium, and may lead to extensive necrosis of 
the more delicate cells. 

• Any interference, either total or partial, sudden or gradual, with the 
blood-supply of the organ, will cause very important degenerative changes. 
Cutting off of the blood-supply, by means of a ligature, for an hour, 
will lead to very serious damage ; and for an hour and a half, may cause 
extensive necrosis of the tubular epithelium in the above-mentioned 
situations. Similar changes may be produced acutely by embolism or 
thrombosis; or, in a more gradual manner, by chronic vascular diseases 
such as obliterative endarteritis. In like manner, as mentioned above, 
any obliterative lesions of the glomeruli will affect the tubules, by eliminat- 
ing ox cutting off the blood-flow into the inter-tubular capillaries, and 
also by interfering with the watery secretion of the glomerular tufts, 
and thus preventing its normal passage dovm the corresponding tubules. 

(1) CLOUDY SWELLING OF THE KIDNEY is an exceedingly common 
phenomenon, and is produced by the usual causes, as, for example, the 
action of bacterial and other poisons; and typical specimens of this may 
be seen after death from pneumonia, diphtheria, typhoid, and various 
other acute infective fevers. In such cases of cloudy swelling, there 
may be, clinically, a corresponding, more or less transitory, albuminuria; 
and marked swelling of the organ, and a softening in its consistence, are 
usually present . TliB cortex is swollen , pale , and opaque — as if it had been 
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dipped in boiling water ; and its vascular markings are obscured owing 
to compression and emptying of the vessels by the swollen tubules, the 
result being a more homogeneous appearance to the naked eye. In the 
earlier stages, there is marked congestion , which, for the reason just men- 
tioned, soon passes off, remaining longest in the straight vessels of the 
pyramids. The red, congested condition gives place first to a pinkish- 
white, and later to a pale ppaque-whitish tint. All degrees of cloudy swell- 
ing may occur, and the ultimate results upon the organ will depend, 
naturally, on the intensity and duration of application of the irritant. If 
slight in degree, the epithelium may entirely recover; or, if more severe, 
the recovery may be only partial and the cells be degraded to a lower type. 



Fio. 393 . — Cloudy Swelling in Secreting Tubules of Kidney. Tho smallor tubules are 
the narrow portions of Houle’s loops, and are loss affected than the larger convoluted 
tubules, which show swelling of tho cells (producing an irregularly stellate lumen), 
loss of nuclear staining, etc. From a case of acute pneumonia, x 200 diam. 

e. g. cubical or even flattened epithelium may replace the columnar type. 
The cells may undergo secondary fatty, or other degenerative and necrotic, 
changes. In severe cases, catarrhal or other inflammatory phenomena 
may supervene, and these are generally associated with fatty degeneration. 

(2) FATTY DEGENERATION. — Cases of fatty degeneration of the 
kidney may be divided into two great groups — ^those in which the con- 
dition is primary, and those in which it is secondary, i. e. supervenes upon, 
and is associated with, other pathological lesions such as cloudy swelling, 
inflammation, etc. ^ 

Primary Fatty Degeneration of the kidney tends to occur in toxic 
and chronic wasting diseases such as cancer, phthisis, diabetes, pro- 
longed fevers, etc. It may arise from the action of certain poisons such 
as arsenic, phosphorus, alcohol, chloroform, etc. ; orit may be produced 
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by deficiency, excess, or other abnormalities of nutrition. Among the 
last-mentioned causes, diabetes mellitus is very commonly placed, but 
the fatty changes in this disease are perhaps due also to the action of 
some as yet unknoAvn toxic agent or substance; the same being in all 
probabihty the case with regard to fatty degeneration of the kidney in 
pernicious ansemia. 

The fatty change affects especially the highly-organised convoluted 
secreting tubules and the thick or ascending portion of Henle’s loop, 
the cells of which come to contain large nuii\bers of minute oil- or fat- 
globules, which are situated especially in the outer parts of the » cells 
towards the basement-membrane (see Plate I, fig. 2). These granules, 



Pig, 396 . — Fatty Degeneration of Eptfhelial Cells of Convoluted Tuhvles of Kidney, 
The clear areas represent the position of the fat, removed during the process of 
paraffin-embedding. The cells also shew cloudy swelling. X 450. 

as a rule, remain small and discrete, but, in some of the more 
intensely acute cases, e.g. in delayed chloroform-poisoning, they may 
attain a somewhat larger size and undergo a certain degree of 
coalescence. In severe cases, the endothelial cells of the capillaries, 
both intertubular and glomerular, may also be affected. The epithelial 
cells of the collecting tubules and other less highly differentiated 
structures suffer to a much less degree. 

Secondary Fatty Degeneration.— The association of faity degeneration 
with eloudy swelling, and its relation to the latter condition, of which it 
may he a sequel, are fully discussed in Chapter II, pp. 30 and 33. 
Fatty degeneration may also occur, and be associated, with catarrhal and 
inflammatory changes, and with waxy or amyloid degeneration. In such 
cases, the process may be extensive, and is usually Irregularly distributed 
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in patches, giving a yellowish or yellowish-white, finely-mottled appear- 
ance to the cut surface, some parts being more markedly affected than 
others. In these secondary forms of fatty degeneration, the fat-globules 
may be larger in size than in the primary forms. Relatively large globules 
may thus be found in catarrhal cells which have becx)me detached from 
their basement-membrane and are lying free in the lumen of the tubules 
(see under Nephritis^ pp. 889, 891, etc.). » 

(3) MUCOID AND COLLOID (MUCINOID) DEGENERATION.— 
Damaged epithelial cells, either in situ or after separation from their 
basement^mombrane, may absorb lymph or some of its albuminous 
constituents. These swollen cells, together with transuded leucocytes, 
etc., may fuse to form what are called ‘‘ casts '' in the tubules. These 
processes of cast-formation occur both in chronic degenerative conditions, 
and in acute, subacute, or chronic inflammations. 

(4) THE OCCURRENCE OF ‘ CASTS ’’ IN RENAL DISEASE. Col- 
lections of solid or semi-solid material, e.g. cells, fibrin, etc., may fill the 
tubules, and form cylindrical casts in them. These casts may be seen, 
microscopically, in situ, in sections of the kidney, or they may be found 
in the urine. In the latter case, they are formed probably in the segment 
of the uriniferous tubule extending from the termination of the ascending 
part of the loop to the opening of the excretory tube at the apex of the 
papillae — most commonly in the straight or collecting tubidcs, from 
which they can be easily washed out into the urine. It is practically 
an impossibility for casts formed in the convoluted tn])ulcs to be carried 
as such through the descending loop of Henlc and the other narrow 
’portions of the tubular system (,s*cc fig. 390), though one not infrequently 
meets with descriptions of their alleged occurrence in the urine. 


Varieties of Casts : — 

1. Those composed of altered tubular epithelium : 

i. Epithelial casts, formed of desquamated cjuthelial cells, which 

are often mixed with leucocytes, fibrin , etc. These may undergo 
various degenerative changes, and be found as — 

ii. Colloid casts (sometimes wrongly called “waxy”). When 

swollen, clear, and homogeneous-looking, these form one 
variety *of hyaline casts. 

iii. Granular casts, where the cells are undergoing granular dis- 
integration . 

iv. Fatty casts, where they shew fatty changes. 

2. Those composed of altered blood or inflammatory exudate : 

i. Blood-casts, of altered or unaltered red blood -corpuscles. 

ii. Leucocyte-casts. 

iii. Fibrinous and albuminous casts,— another variety of the so- 

called hyaline casts (c/. 1, ii). 
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iv. Blood-pigment casts, containing granules or crystals of altered 
ha3moglobin (hsematoidin, etc.). 

3. Those composed of normal or abnormal urinary constituents, or 
other substances excreted by the kidney : 

i. Urates, uric acid, etc. 

ii. Bile-pigment, e.g, bilirubin, in some long-standing cases of 
jaundice. ♦ 

iii. Calcareous casts* — Calcification may occur in necrotic epithelial 
and other forms of casts. 


INFLAMMATORY CONDITIONS OF THE KIDNEY 

1. SUPPURATIVE NEPHRITIS. — Pyogenetic bacteria may find their 
way to the kidneys by means of the blood-vessels, the lymphatics, the 
urinary passages, or^ directly, by traumatic lesions. In ulcerative endo- 
carditis o]> in pyaemia from other causes, minute abscesses may occur in 
the kidney-substance, owing to the impaction of small septic emboli, 
originating from a breaking-down septic thrombus in a vein, or from an 
infective vegetation on one of the heart-valves. These abscesses may be 
found throughout the kidney-substance, but, owing to the fact that the 
emboli arc usually small in size and tend to be caught in the smaller 
branches of the arteries and in the glomerular and intertubular capil- 
laries, they are found especially along the lines of the vessels in the cortex, 
frequently exliibiting a radial appearance corresponding to the distribu 7 , 
tion of those vessels. They may also be found along the arteriolse rectse 
in the medulla, and even around some of the larger branches of the renal 
artery. On microscopical examination, a minute thrombosed artery or 
capillary, containing a dark-staining plug of organisms, most commonly 
Staphylo- or Sirepio<ocd, can usually be found in the centre of such an 
embolic abscess (see, fig. 397). Around this little vessel, if the embolism 
has occurred a sufficient length of time before death, intense necrotic 
changes may be seen in the neighbouring kidney-tissue, the structural 
characters of which become lost. The necrotic area shews diffuse staining 
with the acid dye (e.g. eosin), and an infiltration with leuocytes, chiefly 
of the polymorphonuclear type. At a later peiiod, softening supervienes, 
and minute abscesses are formed, which tend to be elongated in the lin^ 
of the vessel in which the condition originates. Neighbouring abscesses 
may coalesce, giving rise to lines of more diffuse suppuration. When 
the septic emboli have become impacted only a short time before death, 
plugs of micrococci may be found in some of the vessels, with very little 
or nb inflammatory reaction around them. 

and very common variety of suppurative nephritis is that 
dtfe tn ^te spread of infection from below, by way of tl^ urinary passages 
ot ' by their chann els. This condition has been variously 
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denominated “ consecutive nephritis,” “ surgical kidney,” or, from the 
fact that the pelvis is involved as well as the substance of the kidney, 
suppurative pyelo-nephrltis. The second of these terms arose from the 
great frequency with which the condition supervened upon surgical 
interference with the urinary passages — especially the use of the catheter 
< — ^in the days before asepsis was understood and practised. This form of 
suppurative nephritis is specially common in conditions which produce 
or lead to cystitis : for example, paralysis of the bladder in lesions of the 
spinal cord, the irritation of calculi, gonorrhoeal infection, the passage of 
a dirty caibheter, etc. The kidney is generally infected by-the spread of 



Fia. 397. Ahsccss in ihe Kidney. Shewing darkly- stained central embolic plug of bacteria 
in a small artery, with surrounding mass of leucocj^tos. X 50. 


a catarrhal change up the ureter to the pelvis. In the latter, the earliest 
naked-eye manifestation of the inflammation is usually found in the little 
pouches where the calyces surround the papillse. A suppurative pyelitis 
may develop, and this may spread to the kidney substance and become a 
pyelo-nephritis. fn some cases, the condition starts in the pelvis of 
the kidney itself, e.g, when it is the seat of calculus-formation. The 
exact route by which the infection reaches the kidney-tissue is still doubt- 
ful. There are three available channels of infection, viz. the blood-vessels, 
the lymphatics, and the uriniferous tubules — ^the last being in all proba- 
bility the least common route. The minute abscesses characteristic of 
the condition are distributed along the lines of the Vessels, but it is uncer- 
tain whether the condition is due to embolic infection by way of the blood- 
vessels, as is the cal^e in ulcerative endocarditis and in pysemia, or to a 


886 


SPECIAL PATHOLOGY 


spread by way of the lymphatic channels situated in the connective-tissue 
framework of the kidney, and which are specially numerous around 
the vessels. 

The naked-eye appearances of the kidney are, as a general rule, very 
characteristic. The organ is usually swollen, softer, and more vascular 
than normal. On the surface beneath the capsule, and along the lines of 
the vessels in the substance of the organ, are seen small, whitish or yellow- 
ish-white points, arranged singly or in clusters, each surrounded by a zone 
of intense hypersemia. These are scattered irregularly along the lin.es 
of the vessels, both in the medulla and in the cortex, forming dotted, 
radiating lines, which may sometimes extend from the apex of a papilla 
to the surface of the kidney. Both organs arc usually affected, though 
often in varyin g degree ; an d , associat ed with the condition , there is always 
intense catarrh of the pelvis and of its calyces (pyelitis) — ^this being usually 
most marked imiftediatcly around the papillae of the Malpighian pyramids. 

Traumatic suppuration of the kidney may occur, especially where 
there is rupture of the icnal substance or of a cyst. 

PYELrtlS OR INFLAMMATION OF THE PELVIS OF THE KIDNEY. 
This condition may be suppurative or non-suppurative. Milder degrees 
of pyelitis may be due to the excretion by the kidney of irritants 
such as cantharides, turpentine, sandalwood, copaiba, etc.: or to 
acute retentioji, chronic urinary obstruclion, etc. Pyelitis arises most 
usually by direct spread of infection from the kidney-tissue above, or 
from the bladder and ureler below, though occasionally it is due 
to direct hseinatogenous . iidection. Bacteria may pass into the 
blood-stream from a tonsillitis, boil, carbunch'-, pyorrhoea, or some 
other local infective conditions: or through the intestinal mucous 
membrane in constipation, catarrh, etc. In typhoid, paratyphoid, 
Mediterranean, and other infetjt-ive fevers, the causal organisms are 
practically always present in the blood at some stage of the disease. 
Such organisms are rchioved from the blood by the liver and kidneys. 
In the case of the kidney, little local damage may follow, but, 
on the other hand, a pyelitis or pyelo-nephritis may be produced. 
It may occiir in either sex and from a large number of infective 
causes, but it is particularly common in the female immediately 
after marriage, during pregnancy, or after parturition, and is very 
frequently due to infection with B, coli. Acute* pyelitis is not 
at all uncommon in infancy and early childhood, especially in girls, 
and is usually associated with intestinal trouble, especially constipation, 
or constipation with occasional attacks of diarrhoea. The commonest 
organism found in these cases is B. coli, though staphyh- or strepto'cocci ^ 

^ The group of Streptococci associated with acute rheumatism, and chronic 
rheumatic, rheumatoid, and allied conditions, are excreted with great frequency in 
the urine, usually with little or no local evidence, as judged merely from examina- 
tion of the urine, of any active inflammatory or other reaction in the genito-urinary 
.system itself. 
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may occur, and the authors have also not infrequently found J5, para- 
typhosus. In certain cases, however, pyelitis may arise from some cause 
in the pelvis itself, most commonly from the irritation of a calculus or 
calculi, or of oxalate-crystals, etc., with secondary bacterial infection. 

If suppuration is produced, and the pelvis of the kidney becomes 
distended with the pus so formed, the term pyo-nephrosis is applied 
to the condition. As a result of this pyo-nepjjrosis, which may also be 
caused by suppuration supervening in a case of hydro-nephrosis 
(j.v., p. 906), the kidney becomes progressively destroyed — (:»wing partly 
to •pressijre, and partly to an extension of the suppurative process 
into it — and may ultimately be represented by a sacculated bag of 
pus, the walls of which are formed by the distended pelvis and the cap- 
sule of the organ. The condition, in some cases, especially if both kidneys 
are involved, causes the death of the patient, but, in others, where 
only one organ is affected, the pus may become inspissated by absorption 
of its fluid constitueiits, leaving as a residue a white, or yellowish-white, 
plaster-like mass, in which calcification is liable to occur. In such a 
case, it is sometimes difficult to determine whether the condition has 
originally been due to suppurative organisms or to tuberculosis. 

PERI-NEPHRITIS, PERI-NEPHRIC AND PERI-NEPHRITIC ABSCESS. 
Inflammation of the tissues immediately aroujid the kidney may be 
suppurative or non-suppurative. In the latter case, the condition may 
become chronic and lead to fibrosis of the fatty tissue around the organ, 
with adhesions to the capsule. The kidney is usually itself diseased in 
such cases, and any form of chronic inflamniiation such as pyclo-nephritis, 
pyo-nephrosis, calculus, tuberculosis, etc., may bo found. Lesser degrees 
of fibrosis of the peri-nephric fat may be duo to vascular changes secondary 
to those in the kidney, described on pp. 876 and 896-7. On the other 
hand, suppuration may occur in the loose fatty areolar tissue around the 
kidney. The latter may thus become embedded in an abscess, the sub- 
stance of the organ itself, unless previously involved, remaining, as a rule, 
free from the suppurative process. The condition may be due to the rup- 
ture of a cyst on the surface of the organ, or to the extension of an infective 
process in the pelvis or some other part of the kidney; but, in many 
instances, the cause lies altogether outside the kidney itself. Thus, it 
occasionally arises during the course of some infective fever, such as 
typhoid, scarlet Tever, measles, pneumonia, etc., or as a complication of 
tonsilhtis, carbuncle, etc. ; or it may be due to the extension of some 
infective condition from neighbouring parts, e. g, from tuberculous or 
other disease of the vertebrae or lower ribs, from an empyema burrowing 
doymwards, or from the extension of an abscess in connection with the 
intestines or other abdominal viscera. In many cases, however, the cause 
is obscure. The commonest organisms found are, in order of frequency, 
jB. coli or organisms of colif orm type, StreptO' and Staphylo- cocci, Friei^ 
Idnder^s bacillus, aifd, much more iiarely of the Pneumo- and Gone- coccus. 
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f II. NON-SUPPURATIVE NEPHRITIS.— Various forms of ii^am- 

matoiy disease of the kidney are often included under the name “ Bright s 
Disease/’ which, however, is a very indefinite and loosely-applied term. 
Bright’s Disease usually signifies a morbid condition of the kidney accom- 
panied clinically by albuminuria, and includes some inflammatory con- 
ditions, some non-inflammatory chronic degenerative changes, and fre- 
quently mixtures of both. #With the albuminuria, there may be associated 
in some cases dropsy, in others uraemic symptoms, and in others both 
of these conditions, ^ 

On the other hand, ursemia may sometimes be found — especially* in 
certain cases of granular contracted kidney — ^without albuminuria. 

Varieties of Nephritis,— Nephritis may be acute, subacute, or chronic; 
and, frequeiitly, combinations of these various forms arc found in the 
same organ — acute or subacute exacerbations being of frequent occurrence 
in kidneys which arc already the subject of chronic inflammatory and 
degenerative lesions. The cause of non-siippurativc nephritis is commonly 
the action of some toxic irritant carried to the kidney by the 
blood-strcahi : for example,^ the bacterial or other toxins produced in 
diphtheria, scarlet fever, pneumonia, and other acute infective fevers and 
septicaemias. 

Under the term Trench Nephritis,” of which so many cases were 
described during the war, it is probable that a number of different con- 
ditions is embraced. Man 3 ^ cases so diagnosed have been simply a 
nephritis of any of the ordinary recognised types, occurring in soldiers 
exposed to severe climatic, and other predisposing conditions; but, 
excluding these, a considerable number of cases have occurred in which 
some more specific infective agent appears to be the cause. This 
subject will be dealt with on p. 904. In other cases, the kidney-lesions 
appear to be due to the action, often over prolonged periods, of 
normal or of abnormal products of metabolism. The usual example 
cited of this is the form of nephritis occurring in gout, but it is by no 
means improbable that here also we arc dealing with the effects of 
a chronic infective process/* The kidney is extreme!}" liable to the action 
of poisonous substances such as cantharides, turpentine, corrosive sub- 
limate, carbolic acid and its allies, etc. Some of these possess a specially 
selective action upon such parts or elements of the Iddney structure as the 
glomeruli, the secreting tubules, etc. — ^that is, on parts specially concerned 
in the ehmination of these subvstances from the system. 

Two of the most essential facts to be borne in mind in connection 
with these forms of nephritis, and to which attention has ^already been 
drawn, are, ( 1 ) that both kidne 3 "s are always affected, though sometinjes 
in varying degree; and ( 2 ) that their whole structure — glomeruli, 
tubules, interstitial tissue, and blood-vessels— is affected throughout, 
though m each individual case some of these structural elements may 
be txx<m specially affected than the oth#rs. * 
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A. ACUTE NEPHRITIS. — Acute inflammation of the kidneys may 
occur in some of the acute infective diseases, especially in diphtheria 
and scarlet fever, and in cases of poisoning with turpentine, cantharides, 
corrosive sublimate, etc. 

Vascular changes. — These consist of acute hypcrseniia with sw^elliiig of 
the organ, and arc sometimes very intense. Their development is impeded 
by the firfnness of the capsule, though in a day or two the kidney may 
increase to two or three times its normal size. In the glomeruli, the change 
is characterised by hypersemia and hyaline swelling of the capillaries, 
exudation^ leucocyte-infiltration, and perhaps haemorrhage from ruptured 
capillaries. In some cases, e,g, in corrosive-sublimate poisoning, there 
is swelling of Bowman’s capsule and swelling and proliferation of 
its lining cells, but these changes are usually slight. The intertubular 
capillary plexus is engorged at first, but speedily becomes com- 
pressed and emptied of blood by the swelling of the tubules. Acute 
changes in the walls of the vessels, such as hyaline degeneration, 
etc., may be found, and there is usually engorgement of the straight 
venules, around which there may be exudation, leucocyte-emigration, 
and haemorrhage. 

Intertubular or interstitial changes. — Lymph-transudation into the 
tissues is comparatively slight, except in some septic cases. It is usually 
seen first round the vessels and glomeruli, forming clearer areas where the 
tissues are separated; but this change is seldom very marked, probably 
owing to the firm fibrous capsule of the organ. Lymph-transudation 
between the tubules is only very slight in amount. Leucocyte-emigration 
may shew specially around the small venules, e. g. flie eflerent vessels of 
the glomeruli and the straight venules, and also under the capsule. It is 
usually only slight, but in septic cases it may be abundant. Many of the 
emigrated leucocytes, both polymorphonuclear and mononuclear— the 
latter being often specially numerous — pass into the tubules and assist 
in the formation of casts. They may exhibit phagocytic activities, or 
may themselves be taken up by the epithelial cells. Proliferation of 
connective tissue between the tubules is not pronounced in the early 
acute cases, and, if at all marked, points to the condition being subacute 
or chronic rather than acute. 

The epithelium, especially of the convoluted tubules and the ascending 
part of Henlc’s loop, \isually shews well-marked degenerative changes 
— cloudy swelling, granular disintegration, loosening of the cement- 
substance, catarrhal and necrotic changes, secondary fatty degeneration, 
formation of casts, etc. These changes in the tubular epithelium are 
due to the direct action of the toxins pn the cells : and also to interference 
with their vascular supply. Catarrhal and proliferative changes are often 
best seen in the portions of the uriniferous tubules which arc less highly 
specialised, i. e. in the collecting tubules — Whence casts are specially liable 
to be found in the iftine in these cases — cellular or forms derived from 
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these, blood- or blood-pigment casts in haemorrhagic cases, along with 
albumin, blood, etc. 

Naked-eye appearance of the Kidney in Acute Nephritis. — The kidney 
is enlarged, soft, and often more rounded than normal. Its capsule is 
tightly stretched, not thickened in uncomplicated cases, and strips easily, 
leaving a smooth, pale, mottled surface, upon which the stellate veins are 
often well marked. On< section, the cortex, both superficial and deep, 
is swollen, pale, and mottled. It is sometimes pinkish in colour, and, in 
intensely toxic cases, may present a uniform or mottled red colour vnth 
haemorrhages. The medulla is usually not much altered, but, in ^me 
cases, it shews congestion . 

Results. — ^There may be more or less complete recovery ; or, in some 
cases, the condition becomes subacute or chronic. 

B. SUBACUTE DIFFUSE NEPHRITIS. — In some instances, this 
condition may follow a previous acute attack, for example, as a sequel 
of scarlet ^fever. There is, in many cases, however, no evidence of any 
such previous acute attack, the disease being apparently subacute from 
the first, with insidious onset and slow progressive course. Some cases 
' appear to follow endocarditis and other rheumatic conditions (see foot- 
note on p. 886), pregnancy complicated by albuminuria, etc., and seem 
to bo due to some slow-acting, toxic substance or substances of un- 
known nature. In all probability a proportion of these cases are 
produced by chronic infections of the tonsils, throat, gums and tooth- 
sockets, nasal accessory sinuses, intestine, etc., in which various strepto- 
cocci and other orgatusms play an important part. Similar changes iii 
the kidney may be found accompanying syphilitic disease and waxy 
degeneration, whether the latter, in a given case, be due to syphilis or to 
some other cause. 

The duration of such cases varies very much. In scarlatinal nephritis, 

the patient may die during the acute stage, but, more commonly, not till 
the disease has become subacute, e. g. from three or four weeks up to many 
months after the onset of the fever. Again, the condition may become 
more chronic, and may last from two to six or seven years — in which 
case, the condition of the kidneys may come to resemble that found in 
chronic granular contraction, with fibrous-tissue overgrowth, adhesion 
of the capsule, thickening of the vessels, and atrophy of the secreting 
structures. 

Naked-eye appearances. — ^These vary with the cause, duration, and 
distribution of the change in the kidney. In early casps, 6 . g. in those 
in which death takes place in the course of a few weeks, the kidneys 
are enlarged from swelling of the cortex; but, in later cases, those 
lasting, say, from seven to fourteen weeks, the enlargement may be slight 
or absent, or the organ may be normal or even diminished in size, and is 
generally rather firm in consistence. The capsule is hot usually thickened 
or adherent, and strips readily, leaving a smooth surface, which is 
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pale or somewhat pinkish in colour, often with numerous small red or 
brownish-red points upon it. There are usually no cysts. In the later 
cases (seven to fourteen weeks), the swelhng of the cortex may have passed 
off, especially that in the superficial cortex. This occurs usually where the 
glomeruli are affected, and where, in consequence, interference with the 
blood-supply and atrophy of the cortex take place. In such cases, well- 
marked interstitial changes are generally preseiit. The inter-pyramidal 
or deep cortex may still shew considerable swelling, as the changes there 
are often not so advanced as in the superficial cortex, and there is, there- 
fore^ in this region, more glandular tissue surviving, in which such swelling 
may occur. The cortex is usually pale, and often shews a mottled, white 
or yellowish -white appearance from patches of catarrh and fatty change in 
the tubules. The lines of the vessels are usually distinct, and shew no 
distortion, the glomeruli or their vesscli? being often unusually well seen. 
Frequently there are also numerous small red or brownish-red points due 
to dilated vessels, and, in some cases, where the superficial cortex is much 
diminished, the deep cortex may shew very great swelling and more acute 
changes, often with well-marked bran-like mottling. Where tliere is any 
great degree of interstitial overgrowth, the kidney is usually large, firm in 
consistence, and pale in colour, one form of the so-called ‘‘ large white 
kidney ” — a term which, as already indicated,’ it is very inadvisable to 
employ — often erroneously described as “ fatty.’* Secondary fatty 
change may, however, sometimes be found to a high d(igree, following 
upon catarrh of the tubules, and giving rise to the already mentioned 
mottling of the cortex. 

Microscopical examination, — ^A kidney which may a]:)pear almost nor- 
mal to the naked eye, may, under the microscope, shew all its structural 
elements affected, though, in some instances, the changes in the 
interstitial tissue, and, in others, those in the glomeruli, may markedly 
preponderate. 

Vascular changes, — In some early cases, the vessels may not be much 
thickened, but, even where they appear almost normal to the naked eye, 
they may be found extensively altered when examined microscopically. 
In cases of longer duration, there is often very considerable thickening, 
both of the larger and of the smaller arteries. All the coats may be dis- 
eased, and the lumen may be much diminished . The inner coat is almost 
always affected, and may shew cellular and fibrous thickening. The 
middle coat is usually thickened — often very considerably — ^from actual 
hypertrophy of its muscular, as well as from overgrowth of its fibrous, 
tissue. Later, the fibrous changes tend to become more marked, and be 
accompanied by atrophy and degeneration of the muscle. The outer coat 
may shew very extensive peri-arteritic changes, e,g, fibrous thickening 
extending into the surrormding tissues, leucocyte-infiltration, etc. Hyaline 
changes (to which reference has already been made on p. 874), are often 
present in the smaUfer vessels, for example, in arterioles and capillaries, 
especially in those of the glomeruli. 
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Glomeruli, — ^The pathological changes in these are of the very greatest 
importance; and all stages, from swelling of the tuft up to complete 
fibrous atrophy, may be found in the same kidney. These stages have 
already been described (p. 875), the most important being : — 

i. Swelling of the tuft from — 

(а) Engorgement of the capillaries with blood. 

(б) Thickening of the capillary walls from swelling or prolifera- 

tion of their endothelium, and of their delicate perithelial 
or supporting connective-tissue coat. The capillary wall 
may shew hyaline degeneration. 

(c) Swelling and proliferation of the connective tissue between 
the capillaries. 



Fig. 398, — Suhacitte Diffuse Ntphritis, in which the glomeruli are spocially afloctod, 
and exhibit the variouti stages of swelling, proliferation, and obliteration, described 
in the text, x 60. 

(d) Infiltration of leucocytes between the capillaries of the tuft, 

inflammatory oedema, and, mpre rarely, heombrrhages 
from the capillaries in the same position. 

(e) Cloudy swelling of the epithelial cells covering the tuft. 

ii. Irregular lobulation of the tuft (see figs. 398 and 399) ^ 

iii. Exudation into the lumen of the capsule of leucocytes, fibrin, hesmo- 

rrhages, etc. ^ 

iy*,. BwelUng of the pells lining the eapsule, usually with proliferation 
' ' and a progressive, fibrous, laminated thickening, gradually 
filling up thp litmien from the capule un^ards (see fig. 399). 
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Fra. 399 . — Suhacuic Disuse Nephritis, (ilomorulus sl\owing lobuJation of luft, pro- 
liferation of enrlotholiiiin lining Bowman's cap.su 1 (j, anil progres.sive obliteration of 
luinon. X 200. 



Fio. 400 . — Subacute Diffuse Nephritis, Glomerulus shewing more advanced changes — 
Adhesion of the layers of proliferated endothelium to the tuft, with obliteration of 
the lumen, and progressive fibrous atrophy of the tuft, x 200. 
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V, Adhesion of these proliferated endothelial cells, etc., to the tuft, 
and obliteration of the lumen of Bowman^s capsule, and hence 
abolition of the function of the glomerulus. 

vi. Consequent progressive fibrous atrophy of the glomerulus, with 

obliteration of its capillaries, and gradual shrinldng, until nothing 
is left but a small, rounded, laminated, fibrous scar (, 9 ee,figs. 400 
and 406). * 

vii. Around the glomeruli there may be exudation, leucocyte-emigration, 

proliferation of connective tissue, etc. In many forms of sub- 
acute nephritis, these glomerular and peri -glomcrulaT;, conditions 
are the most important changes present. They are found 
especially in scarlatinal nephritis. 



Fig. 401. — Suhacuic Diffuse Nephritis with special increase of interstitial 
tissue — soniotinies called “ Interstitial Nephritis." X 75. 


Interstitial changes. — ^Thc interstitial tissue between the tubules, and 
particularly round ilie glomeruli and vessels, rriay shew various degrees of 
proliferation, sometimes more c(;jllular, sometimes i rmr e fibrous, in its 
characters {see figs. 400, 401, and 402). Infiltration with mononuclear 
leucocytes, mostly small lymphocyte-like cells, and other inflammatory 
changes, as above mentioned, are often specially marked around the 
glomeruli and vessels, and also sometimes immediately subjacent to the 
capsule of the organ. In certain cases, this interstitial overgrowth may 
be very marked, the change in the large pale kidney being, as mentioned 
above, sometimes mistaken for fatty degeneration. 

Epithelium of the Tubules. — ^The convoluted tubules are abnormally 
separated from one another by the above-described interstitial changes 
{see figs. 398, 400, 401, and 402). Pathological alterations in the tubules 
are 'Usually not uniformly distributed, e.g. some shew swelling of their 
epithelium, catarrh, and fatty changes; others fi^pear shrunken and 
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smaller than normal ; others dilated, and with their epithehum atrophied 
and degraded tp a lower type ; whilst others again may be filled with 
various forms of casts. Casts are also seen in the collecting tubules, and 
may pass into, and be found in, the urine, along with numerous single 
cells and leucocytes. These changes are due, firstly, to obliteration of 
the glomeruli, with consequent stoppage of their watery secretion and 
cutting off of some of the blood-supply to the tubules ; and, in the second 
place, to the direct actions of the toxins on the cells themselves. 

The naked-eye and microscopical changes in such a kidney may be 



Fig. 402. — Subacute Diffuse Nephritis with marked interstitial overgrowth ; glomendar 
changes {g, g.) ; separation of tubules, the epithelium of which shews changes described 
in text. X 1^0. 

• (i 

further complicated by the occurrence of a superadded more acute exacer- 
bation; by the presence, in some cases, of concurrent waxy disease; and 
by the addition of further advanced and more chronic changes, from the 
supervention of which the condition may gradually come to resemble 
that seen in chronic granular contraction. 

C. CHRONIC GRANULAR CONTRACTED OR CIRRHOTIC KIDNEY. 

The term “ granular ” was originally applied by Bright to the mottled 
appearance of the cortex, seen on section of the kidney, in cases of dropsy 
accompanied by albuminuria. Thus, he spoke of the “large pale gran- 
ular ” kidney, “ contracted granular ” kidney, etc. At the present day, 
however, the term has come to be applied rather to the character of the 
surface of the orgaif, especially in certain chronic cases accompanied by 
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contraction, or by the processes preceding and leading to it {see figs. 
403 and 407). 

Three varieties oi chronie granular contraction may be distinguished, 
but it is impossible to give an absolutely hard and fast classification, 
as all intermediate forms between the extremes may be seen, and, in a 
given case, in addition to the characteristic chronic changes, there may 
be superadded secondary more acute and subacute processes. All 
intermediate forms may also be found between the subacute varieties 
of nepliritis, described above, and the chronic condition now under 
discussion. 

These three main types of Chronie Granular Contracted Kidney are : 
(i) The small red granular contracted kidney— (Atrophic or Arterio- 
sclerotic Kidney) ; (ii) the large pale granular “ contracting ” Udney, 
secondary to acute, or more commonly to subacute, nephritis, progressing, 
later, to further degeneration and atroj)hy, aiid becoming (iii) the small 
pale granular contracted kidney, in many cases indistinguishable from the 
first variety above mentioned . 

Various immediate forms may also be found, such as a large red 
granular Iddney, but the colour-distinctions arc not really of much value, 
as, amongst other factors, they depend largely on the conditions of the 
circulation at and preceding death, e.g. the prcsej\ce of chronic venous 
congestion, hypostatic congestion, etc. 

It is impossible to give a single detailed description which will suit 
each variety of .granular contracted kidney, but there arc certain char- 
acteristics which may be egmmon to all, though, in individual instances, 
they vary greatly with regard to the size, shape, colour, etc., of the organ'. 
The capsule is usually thickened, and adherent both to the surrounding 
peri-nephric fat and to the surface of the kidney itself. It may strip 
incompletely and in layers, or fragments of kidirey substance may be 
tom ofi along with it. The subjacent surface of the organ is more or 
less finely granular or uneven, from the presence of small, rounded, morocco- 
leather-like projectibiis (see figs. 403 and 407). These are more or less 
regular and uniform in size and shape, hut arc often associated with 
deeper furrows and irregularities. Upon it there are usually scattered a 
varying number of cysts of different sizes, from those scarcely visible to 
the naked eye up to some of comparatively large size (fig. 407). The 
superficial cortex is relatively decreased in thickness, and its vascular 
markings are extremely distorted and broken up, the normal alternation 
of the regular lines of vessels and of the medullary rays of tubules being 
lost. The deep cortex may be atrophied, but is relatively more abundant 
than the superficial. Sometimes it is but little altered In size, and, in 
other instances, it may even be more swollen than normal, and exhibit a 
pale, mottled appearance more like that seen in subacute cases, i. e. the 
atrophic changes arc mote advanced in the superficial, and less so in the 
interpyramidal, cortex. In the latter position, the disease may, therefore, 
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be relatively more acute. The undamaged, or partially damaged, tubules, 
glomeruli, etc., in the deeper and interpyramidal parts of the cortex may 
become involved in subsequent attacks, and the clinical picture of Acute 
Bright’s Disease be produced in a patient whose kidneys shew mainly 
a subacute or a chronic lesion. The medulla may present little change to 
the naked eye, or it may also be atropliied. The blood-vessels are usually 
much thickened, and their lumen diminished, the, larger arteries commonly 
showing well-marked atheroma (see fig. 403). Owing to the shrinkage 
of the whole kidney-substance, there is usually a marked increase of fat 
in tjie hilps round the pelvis. In vortical section, in many advanced 
cases, the actual kidney-tissue is represented by a narrow semicircular 



A B 0 T) 

Fio. 403 . — Chronic Granular Cmiiraciion of Kidney (both organs from same case). Typo, 
Small Ko(J Granular Contracted or Artorio-Sclorotic Kidney, the vascular and atroj/luc 
changes being more extreme in the left of the two specimens. 

A and I), outer surfac# from which capsule has becii somewhat impcrfeetly 
stripped, owing to thickening and adhesion. B and C, Verti< al section. X .q. 

rim surrounding this fat; though, in other instances, the fat may be 
scanty, and the kidney-tissue contracted upon, and closely applied to, 
the pelvis. On external examination of the organ in the former of these, 
i. e, where there is excess of fat in the hilus, the apparently larger si^e 
of the organ may, therefore, b^ somewhat misleading, the aniount of 
atrophy being often much more extreme than might be expected from 
the mere external appearance of the organ. The anastomosing vessels 
of the pelvis and of the pelvic fat, as well as those of the capsule, take 
part in establishing a collateral supply of blood to the atrophying kidney. 

After the above general synopsis, a more detailed description of some 
forms of granular contracted kidney may now be given. 

i. Small Red Granular Contraeted Kidney, due to atrophy from arterial 
59 
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degeneration and consequent diminution in the blood-supply of the 
organ — sometimes called Arterio-sclerotic Kidney {see fig. 403). This 
is essentially an atroj)ljic conditioji, and the disease commences in the 
vessels ami glomeruli, especially near the surface of the organ at the 
terminal distribution of the interlobular arteries. There are progressive 
fibrous atrophy and obliteration of these vessels, with consequent degen- 
eration and atrophy of the adjacent tubules, as already described when 
dealing with the elementary lesions of the kidney {see fig. 404). As the 
j)rocess advances, more and more glomeruli are destroyed, and, conse- 
quently, the corresponding areas of cortex undergo atrophy and.shrinking. 



Fio. 404. — Chronic Cnvnuhir Conlrartfd Kidihcy, Hhewirig ihickonin^ of an interlobular 
artery, with atrophv and libro-sis of the noigli bon ring Jtidncy-tissuo, etc. {see fcCAt). 
X 50. ^ * 

From obstruction to tlie blood-flow througli groups of glomeruli, the 
corresi)onding interlobular artery is thrown out of use, and becomes 
thickened, and its lunKui narrowed or even obliterated. This condition 
in the interlobular arteries may possibly, in some casfes, be^^'lhe primary 
one, the obliteration of the glomeruli being secondary to the cutting-off 
of their blood-supply, but probably the first-mentioned process is the 
more usual one. This slowly-produced obliteration of ^glomeruli and 
interlobular arteries has precisely the same effect as a similar blocking 
of a vessel from other causes, i. e, shrinking and atrophy of the area of 
distribution, and the penetration into the latter of small anastomosing 
veasels from the surrounding parts. In the case of the kidney, these 
arise from the vessels of the capsule, and, By their penetration, 
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they bring about its adhesion at the parts of the surface corresponding 
to the distribution of the interlobular arteries. At these points also, 
depression of the surface, caused by the atrophy of the convoluted tubules, 
occurs. These new vessels give the characteristic red appearance to 
such a kidney, and, naturally, the redness will be most marked in the 
depressions or sulci on the surface; whilst the centres of the little 
“ granular ” areas may be pale, as these correspond to the tubules of the 
medullary rays or primitive cones described in the section on Normal 
Structural Arrangement of the Kidney-Tissues, p. 869. 



Fjo. 405. — Chronic Granuhir Contracted Kidney. Vcriic-al st'ction towards sarfaro, 
showing (on tho right) a clonso iihrosod arc'a oorrosponding to the obliterated inter- 
lobular artery and its gloiueruJi ; aiul (on the lelt) an area with dilated tubules Tho 
thickened capsule ha.s been removed from tho suTiaec oi th(^ latter area, but is still 
seen, in situ, at the upper^jjart of the section, adhering to tfic dense area. X 60. 


In these cases, there is not necessarily any groat prt)] iteration of 
fibrous tissue between the tubules, though this change is usually well 
marked around the obliterated glomeruli and inter^lobular vessels. 

The tubules in the intervening areas, i. c. between the lines of the 
interlobular arteries, generally shew dilatation, catarrhal changes, casts, 
formation of cysts, etc. ; and, therefore, on examining microscopically 
with a low power, the part of the kidney-section near the surface under 
the capsule, denser, irregularly wedge-shaped areas, with their bases 
towards the surface, will be found alternating with areas in which the 
tubules are irregularly dilated {see fig. 405). These denser areas often 
shew extensive overgrowth of connective tissue, containing obliterated 
glomeruli and atrophied and compressed tubules, though sometimes the 
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fibrous overgrowth may not be marked, especially in purely atrophic 
cases. The Malpighian bodies are very irregular in their distribution, 
being often huddled together in groups, owing to the atrophy of the 
intervening tubules. They shew all stages of the fibrous atrophy already 
described, varying from some which appear comparatively normal, to 
others which are entirely replaced by laminated fibrous scars. 

ii. “ Large Pale Granular Contracting” Kidney. — In this condition, the 
size of the kidney varies greatly. The organ as a whole may be enlarged, 
or it may be normal or slightly diminished in size, and the term large ” 
is, therefore, a somewhat unfortunate one in this connecti9n. Si^ich 

(^) (rt) 



W (b) (h) 

luo. 40G . — Chrome Granular Contracted Kidney. Shewing (a) partially obliterated inter- 
lobular artery ; (6, &]^grovips of obliterated glomeruli Corresponding to it: (c) altered 
tubules. X130. \ / 


relative enlargement is due mostly to the swelling — which is sometimes 
very rjonsiderable — of the interpyramidal cortex, and this part of the kidney 
may shew considerable mottling from catarrhal and degenerative changes. 
Such a kidney is probably a more advanced stage of the subacute diffuse 
nephritis already described, where the condition is passing on to degenera- 
tion and atrophy. All intermediate forms are found, until finally the 
condition leads to the so-called — 

iii. Small Pale Granular Contracted Kidney, in which large numbers 
of glomeruli, and, consequently, the corresponding interlobular, and 
perhaps even larger, vessels, have become obliterated. The condition is, 
therefore, one of vascular obstruction, and resembles the case of the purely 
atrophic or arterio-aclerotic kidney, except for therfabt that it occurs 
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in a previously subacutely diseased organ, and hence some of the lesions 
found will owe their presence to this fact. Thus, if interstitial changes 
have been present, much more proliferation of fibrous tissue is found 
between the tubules than is seen in the puiely atrophic forms. 

The following are sonic of tlie conclusions of Gaskell,^ which are, on 
the whole, very much in accordance with our own views. He divides the 
changes in the glomeruli and arteries of the kidney, which are not associated 
with pyogcnetic or specific organisms, into two main groups: (1) those 
accompanying and consecutive to acute inflammation of the kidney : and 
(2) those due to alterations which are primarily vascular in origin. 



Fig. 407. — Chronic Cranufar Contracted Kidnuj. Shewing niorocco-loatluT-likc surface, 
from which the capsule* has been stripped. A few small projecting retention -cysts 
arc soon. 

• t 

I. The Inflammatory Group. — There are two forms of “ nephritis ” in 
which the glomerular changes are negligible : one, jirimarily toxic, in which 
the convoluted tubules are mainly aflected, c. </. in diphtheria and most 
other fevers, and in jioisoning with corrosive sublimate and j)hos])horus : 
the other an acute interstitial nephritis, associated with the earlier stag(‘s 
of scarlet fever, characterised by great round-celled infiltration around 
the large vessels and, later, around the glomeruli — found only in cases wliich 
prove fatal in the first fourteen days of the disease, and tlius, in this short 
period, not having established, permanent functional change in the organ; 
whereas true scarlatinal “ nephritis,” which leads to ])ermanent changes in the 
kidney, docs not arise till the second, or more often the tliird, week of the fever. 

Gaskell then proceeds to say, quoting Ldhlein, that all forms of lasting 
nephritis are cases of glomerulo-nephritis, and that both the form usually 

^ J. F. Gaskell, On the Changes in Glomeruli and Arteries in Inflammatory and 
Ar ter io -Sclerotic Kidney Disease.” Jour, Path, and Bact,^ Vol. XVI., No. 3, 
p. 287. January, 191t. 
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known as “ large white ’’ kidney, and the later “ secondary contracted 
kidney, always shew that they have arisen from an originally acute glomerulo- 
nej)hritis. At this point he carefully differentiates the embolic focal nephritis, 
due to multiple embolic infarctions from the heart-valves in cases of ulcera- 
tive endocarditis, from true glomerular nephritis. This has not been done 
by some writers, and has, accordingly, led to much confusion. 

In his series of s])ecim(uis of true glomerulo-tubular nephritis, only one case 
was examined in which death had occurred in the early acute stage, a fatal 
issue being rare at this stafge. There is great uniform swelling of the whole 
glomerulus, and involvement of all the glomeruli - this diffuse character of the 
lesion being very important and characteristic. In the next, or reparative, stage 
of glomerulo-tubular nejihritis, all the glomeruli are affected, with a variable 
amount of adhesion to their capsules. In the third, or sclerotiii, stagS of 
secondary contraction, death occurs commonly from uraemia, the urine shewing 
polyuria, much albumin, casts, and, at times, blood. The uraemic coma, 
])ro*ceding death, may ho characterised by diminution, and finally by great 
diminution, in fhe quantity of the urine excreted. ]^lood-])r(issure is always 
iiigh, 160 to 220 mm. of nuu-cury in four of the cases in which this was 
recorded. The glomeruli sliew further destructive changes. 

In (contrast with the foregoing, in embolic focal nephritis, the lesion is 
cvssentially hannorrhagie in cliaracter, the urine is not greatly increased in 
quantity, sfnd there is liitl(‘ albumin, the changes in the kidney affecting 
only some of the eaj)illaries of some of the glomeruli. There is also marked 
filniiious exudate, and gr(‘at hnieocytie infiltration. The tubules and inter- 
stitial tissue ar(^ not greatly altered, and there is, therefore, little naked-eye 
swelling. Gaskell ladioves that these changes a, re produced by the long- 
continuefl embolic loos<‘ning of inf<H*.ted »‘iateria] from tlui chief focus — 
suliacute endocarditis— in tlu', heart- valves, and h(‘ differentiates it, both 
clinically and anatomically, from tlu'. general glomerulo-tubular form previ- 
ously dcvscribcd. 

II. The Vascular Group.- Tlu'.sc fall into two sub-groups — 

1. The first, due to the very slow alteration in the kidney produced by 
senile arterio-sclerosis, the age of the cases being usually over fifty years. 
The- heart is seldom enlarged, and never to any great (*xtent, unless valvular 
disease is also present. Practically all old people suffer from a greater or 
less degree of the condition. There may be some slight polyuria, and, at 
times, slight albumiimria. The aorta shews arterio-sclerosis, as does the 
main renal artery, the change spreading into the smaller arteries of the 
kidney in the regions whcri^ glomerular di'struction and fibrosis are present. 
Only scattered glomeruli, or grou])s of glomcrnli, are involved, the others 
remaining moni or less normal in apjiearance. The affected glomeruli may 
be shrunken to half the normal size : their caiisules thickened : and the capil- 
laries collapsed, but not otherwise altered; or the glomerulus may be com- 
pletely degenerated and fused to its capsule. The corresponding afferent 
arteries shew arterio-schirosis, the longest vessels being earliest and most 
affected; whilst the shorter arteries and their corresponding glomeruli may 
still remain unaltered. There is little round-celled infiltration, a few cells, 
if present, being grouped round the atrophic tubules, corresponding to the 
affected glomeruli; the last stage in the degeneration of the latter being 
a mere fibrous-tissue scar. The contraction, therefore, supervenes especially 
along the most affected interlobular arteries, and the amount of the cirrhosis 
depends upon the relative degree of artcrio-sclerotic change in these vessels, 
some. being, in certain cases, often much more affected than others, and the 
change being, therefore, patchy in its distribution; >if the interlobular 
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vessels are more or less diffusely affected, the cirrhosis is more uniformly 
distributed, and more finely granular in degree. 

2. In the second group the changes arc due to lesions which especially 
affect the small arteries and arterioles, not only of the kidney itself, but of 
the various organs of the body. They occur at an earlier age-period, especially 
between the ages of thirty and fifty years. The heart is always greatly 
hypertrophied, quite apart from any cardiac valvular lesion. These cases 
may be called genuine or primary contracted kidney (Adanii), and should 
not be termed “ small red,” or “ red contracted,” kidiK'.y, as the senile arterio- 
sclerotic kidney mny also be “ red,” and this term should be abandoned as 
misleading and obsolete. In this primary contraction, the change is essentially 
dependent on alterations in the small arteries of the kidney. This change 
in •such sfnall arteries is not confined to the kidney, but is also conspicuous 
in other organs, csx)ecially the brain and spleen the cluingcs in the small 
arteries of the brain being of particular importance, and frequently leading 
to the occurrcnc(i of cerebral haemorrhage, which is th(‘, dirr^ct cause of death 
in many cases of this class, such a termination being aided by the hy])ertro])hy 
of the left ventriide and the higli blood-pressure (over 20() mm.) practically 
always found. Tlic aorta may shew a smooth inner wall, or only slight 
fatty change in the intima ; and the renal artiuy pre.s(‘j)tK a varying, but definite, 
artcrio-sclerotic change. The arterial renal arches also shew some varying 
degree of this jiroeess; hut the most (‘ons])iciious and important ehango-ts 
extreme thickening of tlie intima of the smallest arteries of the kidney, 
especially the afferent and also the interlobular arteries. The lumen may 
be extremely narrowed, and th(‘. enormously tln(*ken(‘d vessel-wall often 
contains a large amount of fat. Elastic tissue* is also higidy develop(*d in 
all the renal arteries, both large and small. The thickening of the vessels is 
very much greater than in the smiih*, arterio-sclerotic form. 

Gaskell furtlier subdivides these primary contratded kidneys into various 
groups, but, for the detailed description of these, refenmee should be made 
to his original ])aper. ^ 


NOTE ON TRENCH NEPHRITIS. -In tli(‘, late war, and also iii the 
American Civil War, during the prolonged periods of trejicli fighting, 
large numbers of cases of acute nephritis occurKid. After eliminating 
the various forms of acute and chronic nephritis equally typical of civil 
life, a large proportion of cases remains, characterised by dropsy (wliicli 
usually rapidly subsides), diminution or even tenJporary suppression of 
the urinary secretion, marked albuminuria, often ])( rsisting for a (;on- 
siderable time, heematuria, the presence of renal casts, os])ecially of 
granular and hyaline type, ursemic symptoms, etc. fn comparison with 
the severity of the clinical symptoms, tlic mortalil-y is extraordinarily 
low, only three Heaths occurring in 1,455 cases reported by Rose Brad- 
ford,^ and these three cases not showing a picture of imcompliiiated 
nephritis. No authoritative work on the actual causation of the disease 
has yet appeared, but as far as our present knowledge goes, the pathological 
lesion in the kidney itself is a subacute diffuse nephritis, glomeruli and 
tubules being both specially affected. 


^ Qnai^erly Journal of Medicine, January 1916, p. 125. 
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Note. — Short R^suid 6 of some of the Naked-Eye Changes in the Kidney 
seen in various cases of Bright^s Disease, with their causes : — 

1. Thickening and Adhesion of the Capsule — due to establishmetit of a 
supplementary circulation from branches of the lumbar arteries, and not to 
inflammatory changes such as cause thickening and adhesion, say, of the 
two layers of the pleura. 

2. Cysts -formed by blocking and dilatation of tubules, or, much more 
rarely, of the glomerular capsules. Tubules may be blocked by : — (i) Colloid 
or other forms of casts : (ii) compression from chronic fibrous overgrowth 
and contraction, and therefore specially found in chronic granular contracti'^^ 
kidneys, and also in larger forms of waxy kidney with interstitiatl changes, 

3. Swelling of the Cortex -may be due to : — (i) Hypersemia and distension 
of the vessels : (ii) cloudy swelling, etc., of epitJielium : (iii) glomerular changes, 
e. (j. liyaline or other forms of swelling of the ca])illaries of the tuft : also of 
its connective tissue and coverhig epitli(‘lium ; leiK'ocyte-cmigration : swelling 
of Bowman's capsule or of its lining endothelium, etc. : and to (iv) interstitial 
changes. 

4. Contraction of the Cortex - may be due to atro])hic changes^ especially 
those resulting from vascular and glomerular lesions : and, to a less extent, to 
contraction of fi})rous tissue or to senile chang(‘s. 

5. Pallor of the Cortex may result from ; — (i) (Cloudy swelling and catarrh : 
(It; interstitial overgrowth : or from (iii) fatty and necrotic changes. 

G. Mottling of the Cortex —may occur from marked fatty degimeration, or 
from catarrhal and necrotic chang(‘s. ft is seen in its most exaggerated form 
where these changes are int(‘rmingled. 

7. Irregular Striation of the Cortex or distortion of the vascular markings ” 
in granular contracted kidn(‘y, is due to slov atropliic changes. 

8. Vascular Engorgement gcmerally venous in character syiecially affects 
(i) the stellate veins on the surface, and sometimes also the cajullaries ; (ii) the 
vena3 rcctae, forming red stria) in the pyramids, especially towards their bases ; 
(iii) th(‘ interlobular veins, glonu'ruli, and intertubular cajiillary jilexus in the ^ 
cortex ; and (iv) the V(‘ssels of tin* jielvis, es])ecially those of its submucous coat. 

1). Thickening of the Arteries - may be ])art of a general condition through- 
out the whole of the vascular syst(*m, and is often espe(*ially marked in the 
kidney. In other instances, it may be due, to local disease in the kidney 
itself, especially to obliteration of the glomeruli. 

10. Increase of Fat around the Renal Pelvis is found in atrophic conditions 
where the kidney-tissue shrinks, and consequently the hilus is enlarged. 

Note on Albuminurfa. — In renal cases, albuminuria may be found in any 
disease damaging the organ and causing transudation of serum or haemorrhages 
into the tubules or glomeruli. But some cases of even advanced chronic 
renal disease may go on to a fatal issue with no, or with only occasional, 
albuminuria -the excretion of water being, however, usually increased, and 
the urea diminished. 

« 

HYDRONEPHROSIS, — This is a condition of dilatation of the pelvis of 
the kidney and its calyces. It may arise from any cause which impedes the 
outflow of urine from the renal pelvis, and is greatest in those cases where 
the obstruction is either incomplete or intermittent. Wheli the outflow 
of urine from the pelvis is completely and permanently stopped, a certain 
degree of dilatation takes place; but the increased pressure prevents 
further secretion of urine by the kidney, which, as a result of loss of its 
funq^n, undergoes atrophy. In such a case, the aciciijaulated fluid may 
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undergo. more or less complete absorption; and shrinking of the kidney, 
with associated fibrous-tissue overgrowth, may result. Where the 
obstniction is incomplete, the kidney, although its glandular structure 
becomes distended, is still able to carry on its functions and supply fluid 
for the further gradual distension of the pelvis. 'When this dilatation 
becomes excessive, atrophy of the kidney-tissue may supervene, often, 
however, not until the hydronephrotic organ Jias reached a very con- 
siderable size (see fig. 408). 



Kig. 408. — Uy(lnmcj)hrviiis of Kidmy due io ohstruction of ihc UrcUr. 'J’lio renal pelvis 
and infundibula or calyces arc enormously dilated, and the jLilandular tissue is com- 
})lctely atrophied. (Edinburgh University Anatomical Museum. Catalogue No., 
Oen.-tJ. B. e. 9.) 

The commonest causes of hydronephrosis are stricture of the urethra or 
ureter ; certain malformations of the latter, more especially the presence of 
abnormal kinks or bends (see fig. 388, p. 866) ; the impaction of a calculus 
in the ureter or urethra ; or the occurrence, in these structures, of chronic 
inflammatory changes or tumour-growth, the latter acting either by 
pressure or by actual infiltration of the walls. Another, and fortunately 
much rarer, cause, but one of which several cases have been recorded, 
is injury, or even accidental ligature, during operation, e.gf. for the removal 
of pelvic tumours. •Where the obstruction is in the urethra, or where 
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it involves the openings of both ureters into the bladder, as, for example, 
by tumour-growth, the condition is bilateral, though not necessarily 
symmetrical, on the tw’o sides. In such cases, the ureters also are dilated, 
sometimes to a remarkable degree. Frequently, this distension of the 
ureters is not uniform, but is characterised by the formation of irregular 
saccular dilatations. In some instances, the condition may be congenital, 
as, for example, in case^ of extreme phimosis, or where the urethra is 
impermeable at birth, or where there are abnormal kinks or valvular 
bends upon the ureters. On the other hand, in some of these congenital 
cases of hydronephrosis, no obvious cause of obstruction to the outflow 
of urine is demonstrable. Unilateral hydronephrosis results from the 
implication of one ureter by stricture, impacted calculus, or ot-her lesion, 
the ureter above the seat of obstruction also undergoing dilatation. 



fOfi. 400 . — Cuntflfua CttlculuH occiipyine: and Calyces of Kirlnc^y, the glandular 

tissue of which is greatly atropliied. 'I’lie eciitral limb of tlie ciilculus lias hcen broken 
olT to show the bod in wliioli it lay. (Edinburgh University Anatomical Museum. 
Catalogue No., Gon.-U. B. g, 2.) 

t V 

Results. — Catarrhal pyelitis ami secondary changes in the kidney, 

somewhat rescunbling those seeu in chrojiic granular contraction with 
ii>terstitial ov(u*growth, are usually found, but complete fibrous atrophy, 
with entire disappearance of all the glandular tissue, may occur {see fig. 
408). Suppuration may take place, the condition thon becoming one of 

Pyonephrosis {q. v., p. 887). 

RENAL CALCULI AND CONCRETIONS (NEPHROLITHIASIS). 

Calculi may be formed in the pelvis of the kidney or in any of its diverticula 
or calyces; or, again, they may originate in the renal tubules, more 
especially in the larger collecting tubules near their openings at the 
apices of the papillae. Renal calculi may be carried downwards and 
become impacted in the ureter, leading to hydronephrosis ; or, if small 
toough, they may reach the bladder, their passage down the ureter 
giving rise to an attadk of renal colic.” In the bladder, they may act 
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as the nuclei around which further concretions are formed ; or, if not too 
large, they may pass through the urethra and be found in the urine as the 
so-called urinary “ gravel.” In some instances, they may, partially, or 
almost completely, fill the pelvis of the kidney and its calyces, forming 
the so-called coralline calculus, which may either be single (see fig. 409), 
or composed of two or more faceted constituent parts. In some instances, 
several, or even very many, small calculi may be found in the pelvis, 
in its calyces, or in the renal substance. Both kidneys may be the seat 
of calculus-formation, especially in the later stages of the disease, and 
are,^ therefore, more frequently found to be so alTected on 
examination (about fifty per cent, of cases) than in surgical prae.tice. 

Composition of Renal Calculi. — Such calculi may consist of uric acid, 
urates, phosphates, oxalates, or carbonates, or varying admixtures of these 
xsubstances. More rarely, tJiey may fie composetl of cystin, xanthin, 
bile-pigment (in long-standing jaundice), etc. (Jalculi are commonest in 
mid-adult life, but may occur very early in lifi^, the phosphat.ic being the 
commonest form found in childhood. 

etiology and Results. —The causes of urinary calculus^fo^mathn/ 
ill general will be discussed when dt‘aling with calculi formed in the 
urinary bladder (see j). 924). In the case of the kidney, various lesions 
may be present, either aiding in the production of, or consecutive to, 
calculus-formation, or both may have some factor common to their 
causation. Thus, the condition may be found along with various 
forms of nephritis, diffuse, or (^specially interstitial, chronic granular 
contraction, partial or complt‘te atrophy of the kidney, perinephritis, etc. 
“Infective lesions arc common. There is o*ften an associated pyelitis 
and pyelonephritis, which may, perhaps, have some causal relationship; 
whilst, on the other hand, the presence of calculi may lead to such 
conditions, or further aggravate them if aln^aily present. In addition 
to such inflammatory phenomena, renal calculi may cause haemorrhage, 
and also, as already mentioned, may become impacted in the ureter, 
and give rise to hydronephrosis or to pyonephrosis^ and to renal colic. 
If carried down into the bladder, they may, as already indicated, 
constitute the nuclei for further calculus- formation in that organ. 

Sometimes the substances of w'hich calculi are composed — c^specially 
uric acid, urates, or lime-salts —may be deposited, in crystalline or in 
amorphous form,#in the renal tubules, especially in the pyramids towards 
their apices. A deposit of lime-salts may occur in necrotic renal epi- 
thelium, e. g. following poisoning by corrosive sublimate, etc.; and, 
similarly, “ incrustation ” with calcareous material may occur in the 
walls of the renal pelvis and ureter, the process being also probably 
secondary to degenerative and necrotic changes in these structures.^ 
In the same way, bile-pigment may be deposited in a similar position 
e,g. in icterus neonatorum, and in chronic jaundice in adults. 

(For a further (Jpscription of Urinary Calculi see p. 924.) 

1 Caulk, Journal of Surgery, Qyncecology and Obstetrics, 1914, i., p, 497. 
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CIRCULATORY DISORDERS OF THE KIDNEY 

(a) ACTIVE HYPERiEMIA OF THE KIDNEY may be found in cases 
of convulsions, for example in epilepsy ; and, in such cases, a, transitory 
albuminuria and haematuria may occur. A similar condition has been 
described in traumatic lesions of the vaso-motor centre in the medulla. 
More commonly, however, it occurs in the acute infective fevers, and 
after the administration* of such poisons as cantharides, corrosive sub- 
limate, arsenic, carbolic acid, etc., and may then be regarded as either 
preliminary to, or as part of, an acute inflammatory attack. 

(b) PASSIVE or VENOUS CONGESTION may be acute cr chronic, 
the latter especially being a very common condition. 



FitJ. 410. — Acute CongcHtion of the Straight Vessels towards base 
* of Malpighian Pyramid. X 7C>. 

Acute Venous Congestion may occur with great rapidity, for example 
in opium-poisoning, and in some cases of coma from other causes. In 
its most intense form, it is found as a sequel to obstruction of the renal 
vein from thrombosis, ligature, torsion of the vessels in a. floating kidney, 
or other cause. The changes occurring in the organ are fully described 
on p. 122. Thrombosis of the renal vein may be produced by direct 
extension into it of a thrombus of the inferior vena cava, by the pressure 
of a tumour on the vein, or by similar causes. If the renal artery remains 
patent, intense pongestiou occurs, usually accompanied by haemorrhages 
into the glomeruli, the tubules, and perhaps also into the pelvis of the 
kidney. 

Chronic Venous Congestion of the Kidney is an extremely common 
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condition, due, in the majority of cases, to old-standing heart-disease, 
especially to lesions of the mitral valve, the. condition being sometimes 
termed “ cardiac kidney.” Chronic venous congestion may also, but 
much more rarely, be produced by local interference with the venous 
return, as, for example, by the pressure of a tumour u])on the renal vein 
or on the inferior vena cava, or from mechanical displacements of the 
organ, as in floating kidney. ^ 

The naked-eye appearances of the kidney may vary considerably if 
other lesions arc associated with the chronic venous congestion. In an 
uncgmplicf^tcd case, the organ is usually moderately enlarged. Its 
capsule may be slightly thickened and somewhat adherent, and the 



cortex usually shews, at first, some increase in volume; but, at a later 
period, a certain degree of atrophy, especially in its inter-pyramidal por- 
tions, takes place. This atrophy is due to interference with the nutrition 
and functions of the tubules, and may lead to the production of a slightly 
granular or morocco-leather-like surface. On section, the larger veins 
are dilated, whilst the engorgement of both sets of tributaries of the 
venous renal arches maps out the minute naked-eye structure of the 
organ very distinctly. The venulse rectse stand out prominently as dark- 
red radiating lines, which are usually most marked towards the bases 
of the pyramids ; whilst, in the cortex, the alternation of the pale medullary 
ravs with the engorged lines of the inter-lobular vessels can be very 
definitely seen. If the dark lines corresponding to the engorged intei> 
lobular veins be clcgely examined, the glomeruli can usually be seen as 
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minute, dark-red dots, giving a finely-stippled appearance to the vascular 
markings. The stellate veins on the surface are congested, and the 
organ is distinctly firmer in consistence and darker in colour than when 
normal. 

On microscopical examination, the pathological appearances are 
usually best seen at the bases of the pyramids in the bundles of straight 
venules, the walls of thijse being thickened and their lumina distended 
with blood. The Malpighian tufts are enlarged, the capillaries being 



Fig. 412, — Kidney, Venn lie Rectse towards base of Pyramid in 
Chronic Wnous Congestion. X 60. 

dilated and their walls thickened. Similar dilatation and thickening are 
seen in the interlobular veins and intertubular capillary plexus. The 
increased firmness of the kidney is due to this engorgement of the veins 
and capillaries and to the thickening of their walls, and not to prolifera- 
tion of the connective-tissue framework of the organ. Some degree of 
atrophy may supervene in the tubular epithelium, and catarrhal changes, 
especially in the collecting tubules, may be present. In uncomplicated 
cases, however, such structural changes are not specially marked. Minute 
haemorrhages from the glomerular tufts sometimes occur, and the blood 
in severe and advanced cases, find its way even into the tubules, 
and be passed into the urine. As a rule, however, •hsematuria, in such 
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Kt<j. 4115. — Kidney^ Slicwiiig ( 'Iu’oi»i(; Venous Congt'slioii of Iriteilobular. 
Jntcrtubular, iuicl ( iloinorular vessels. X ](K>. 



f’lo. 414. — Ki^lgfhey, Glomerulus shewing Chronic Venous Congestion. 
The Intertubular Capillaries also show engorgement. X 160.. 


912 SPECIAL PATHOLOGY 

cases, indicates the presence of some complication, especially the occur- 
rence of embolism and infarction, conditions not infrequently associated 
with chronic venous congestion arising from mitral disease. 

(c) EMBOLISM and INFARCTION. — These conditions, and the char- 
acteristic lesions produced by them, are fully described on pp. 144—160. 
Infarcts of various sizes and at various stages — ^from those newly formed 
to those which have become completely absorbed and shew merely 
as puckered and depressed fibrous-tissue scars — ^may occur in the 
kidney. 

The occurrence of Septic Embolism and abscess-formation in ulcera- 
tive endocarditis and in pyaemia from other causes, is discussed under 

Suppurative Nephritis on p. 884. 

{d) HEMORRHAGES into and from the kidney — apart from traumatic 
causes such as ruj)ture or ]:)onetratjng wounds - frequently occur in intense 
toxic poisoning, especially when this is characterised by acute venous en- 
gorgement. Such extravasations of blood are usually comparatively slight. 
They are found especially in or around the glomeruli and in the tubules. 
'“Hfemorrhages into tlie interstitial tissue are comparatively rare. They 
may originate from the subcapsular V(?ssels, and from the straight vessels 
in the boundary zone. More severe hsemorrhages, especially from the 
mucous membrane of the pelvis, tend to occur in purpura, scurvy, leuco- 
cythmmia, and other blood-diseases. Bh't ding may also take place as a 
result of the presence of tumours and calculi. Minute submucous petechial 
hfemorrhages are of common occurrence in many acute toxic and septi- 
ca3mic diseases ; and an intense haemorrhagic nephritis may, in certain 
cases, supervene in some of the acute infective fevers, e,g, epidemic^ 
cerebro-spinal ineiiin gi tis . 


SPECIFIC OR CHRONIC INFECTIVE DISEASES OF THE KIDNEY 

(a) TUBERCULOSIS OF THE KIDNEY.— This may be part of a 
general acute or chVonic tuberculosis, but, in* some cases, the disease 
is more or less limited to the genito-urinary system. 

In General Acute Miliary Tuberculosis, the tuberculous granulations 
are of common occurrence in the kidney, especially in the cortex, where 
they may extend along the lines of the interlobular vessels. In a con- 
siderable proportion of cases in which they are few in number, they may 
be found on the surface immediately beneath the capsule. In other ^ 
cases they may be numerous both on the surface and throughout the 
section. They shew as minute, rounded, opaque white^ areas, simile^r 
to those seen in the othei;^ organs ; or they may appear as elongated 
masses in the long axis of the vessels, produced either by extension or 
by the coalescing of adjacent nodules^ Towards the surface, they may 
be somewhat wedge shaped. It is occasionally a matter of difficulty 
to distinguish them, with the naked eye, from small abbesses, but, under 
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the microscope, they exhibit the usual appearances of caseation, and the 
ojher changes characteristic of tuberculous lesions elsewhere. 






Fia. 415 , — Infarcts in the Kidney. Shewing raised wedge shaped area, with pale centre 
and congested hscmorrhagic periphery. 



^Fio. 416 . — Infarcts in the Kidney. Shewing the pale centre and congested periphery. 
Note that the surface level of the Infarcts is slightly depressed below the general 
surface of the Kidney, o, Infarct extending into medulla. 6, 6, Smaller Infarcts 
confined to cortex. 

»' 

In cases of chronic tuberculosis in other organs, a few small, widely- 
scattered tubercles in the kidney lire of comparatively common occur- 
rence; whilst, in children especially, somewhat larger caseating areas 
may he found in this organ, 

60 
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Genito-Urinary Tuberculosis or Renal Phthisis is the most important 
form in which the disease attacks the kidney. This condition is often^ 
though by no means invariably, associated with the presence of tuberculous 
lesions elsewhere, for example in the lungs, pleurae, etc. It is commonest 
in the male, and frequently is first recognised clinically in the globus 
major of the epididymis^ from which it may come to involve the body 
of the testicle and the vai^ deferens. By way of the latter — ^usually along 
dts lymphatics — the process spreads to the seminal vesicles, urethra and 
bladder, and up the ureters to the pelvis of the kidney. In other cases, 
again , the disease may — either from haematogenous or lymphatic infec- 
tion, or by sjircad from a focus within the Iddney — affect the submucous 
coat of one of the renal pelves, from which position it spreads down- 
wards, involving the ureter, bladder, etc. It may then extend upwards 
along the other ureter, and attack, the kidney of the opposite side. Thom- 
son Walker ^ states that, '' clinically, tuberculosis of the kidney is very 
frequently found without vesical tuberculosis, and' the after-history of 
cases of nephrectomy shews that the original focus was in one kidney.” 
'He is of opinion that “ of the three paths of ijifection (ascending, hiema- 
togenous, and lymphatic) there is more evidence in favour of the haema- 
iogenous than of the others. By whichever method the disease 
reaches the pelvis of the kidney, it speedily attacks the mucous mem- 
brane, especially in the calyces immediately around the renal papillae, 
where caseous ulcers are formed, external to which there is a zone of 
intense congestion. These gradually spread into the substance of the 
kidney, which may become converl.ed either into a caseous mass or — 
if the ureter is partially or wholly obstructed by the tuberculous process — ‘ 
into a series of sacs ajid pouches with caseous walls and contents, these 
corresponding to the dilated and ulcerated calyces. The size of such a 
kidney varies with the degree of obstruction and the amount of disten- 
sion produced, the organ being, in some instances, very greatly enlarged. 
This enlargement, however, is not a constant feature — ^the kidney being 
sometimes normal, oi even reduced, in size. Li the substance of the kidney, 
beyond the line of ulceration, groups of tubercles may be found, but in seis, ' 
cases these are absent . There is usually an attempt to shut off the diseased 
area by the formation of a zone of fibrous tissue, as in tuberculous lesions 
elsewhere . Associated lesions in the kidney-tissue, such as acute nephritis, 
subacute diffuse and interstitial nephritis, waxy disease, etc., may be 
present. Fibrous changes in the capsule and surrounding fatty tissue, ^ 
with adhesions to neighbouring structures, are practically always found. 

As a rule, in post-mortem cases, both kidneys are affected, though 
frequently in varying degree. In arde-inortem cases homing under the 
observation of the surgeon, Thomson Walker states that from 88 to 92 
per cent, are unilateral, though it is obviously extremely difficult; if not 
impossible, to be absolutely certain in the living subject, that the other 
1 Thomson Walker, loc, ciL, p. 227. 
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organ is entirely unaffected. He considers that spread to the opposite 
kidney is usually by way of the blood-stream. In cases where one kidney 
only is diseased, the right organ is more frequently affected than the left. 
In cases in which-the disease commences on one side, and extends to the 
bladder and up the opposite ureter, both ureters become swollen, thickened, 



Fig. 417 . — Tuberculosis of Kidney — “ Renal rhibisis.” 'J’he kidney-substance has been 
almost entirely replaced by largo cyst-liko cavities, which have resulted from the 
progressive ulceration and dilatation of the pelvis and its calyces. I'ho walls of these 
spaces are ragged and caseous. (Edinburgh University Anatomical Museum. Qita- 
logue No., Gen.-U. A. q. 3.) 

and hard, and more or less filled with caseating material, this causing a 
diminution in calibre or even entire obliteration of the lumen. In the 
bladder, the infection may lead to cystitis, catarrhal changes, and perhaps 
to extensive ulceration ; though, in some cases, the tuberculous lesions 
are localised especially to the region of the trigone. In the epididymis, 
as already mentioned, the tuberculous process, in addition to involving 
the vas deferens, may spread to the' testis, usually, at all events at first, 
on one side only. Diae vesiculae seminales may also become involved. 
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Results. — ^Most commonly, genito-nrinary tuberculosis is a steadily 
progressive disease leading to a fatal termination. In a few instances, 
however, the process may be arrested, the caseous material becoming 
inspissated and perhaps calcified, and surrounded by dense fibrous tissue 
corresponding with the capsule of the organ. Such instances of healed 
tuberculosis of the kidney may sometimes be found in the bodies of even 
very old persons, in wljiom the presence of genito-urinary tuberculosis, 
had been quite unsuspected during life. 

(6) ACTINOMYCOSIS. — This may afiect the kidney as part^ of a 
generalised spread from some focus of disease in connection with, the 
intestine, appendix, or elsewhere, or the condition may spread to the 
organ by direct continuity. In the former case, multiple small nodules, 
tending to soften and form small abscesses are found. A perinephritic 
abscess may supervene. The condition is rare. 

(c) SYPHILIS— The effects of syphilitic disease upon the kidney 
are often profound. Gummata^ and the irregular contracting fibrous 
cicatrices resulting from them, may occur; the vascular lesions, especially 
in the renal arteries, are very important; but the most characteristic 
lesions produced in the kidney by syphilis are waxy and interstitial 
changes. 

Waxy or amyloid degeneration is one of the commonest evidences of 
the disease, and is often associated with interstitial changes, and the 
formation of cysts. In such syphilitic waxy kidneys, the capsule is not 
necessarily thickened or unduly adhereiit, and the surface of the organ is 
usually granular, the elevations being larger and more irregular than those 
seen in granular contracted kidney. The uneven surface frequently pre- 
sents an undulating character. Unless other causes are also present, these 
changes in the kidney are not necessarily — and, in fact, are seldom — 
accompanied by hypertrophy of the left ventricle. (For a more detailed 
account of waxy or amyloid disease of the kidney, see pp. 62 and 873--4.) 

(d) In LEUCOCYTHffiMIA, especially in the “lymphatic’’ forms, 
characteristic changes are found in the kidKey. The interstitial con- 
nective-tissue framework of the organ, especially around the vessels*, is 
infiltrated with cells of the leucocyte-series, the nature of which varies 
with the type of the disease~the smaller or larger lymphocyte-like cells 
beiug present in the lymphatic, and myelocytes and immature poly- 
morphonuclear cells in the myelogenous, variety {see pp. 611 and 609). 

TUMOURS OF THE KIDNEY 

To the formation of Cysts of various kinds, reference has already 
been made on p. 865 {see also p. 344). 

Simple Tumours.— If the common small ‘‘ fibromas ” be excepted— 
simple tumours constitute less than seven per cent, of renal growths. 
Fibromas — or fibnms nodules indistinguishable histologically^rfrom 

rJft;these — are of extj^m^ly common occurrence in th^kidney, more especi- 
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ally in the pyramids, where they are seen, on section, as small, firm, 
white nodules, usually about the size of a hemp-seed or a little larger. 
They are believed by some to be of the nature of hamartomas or 
deficiency-tumours ” (see p. 287). Lipomas may occur in, but more 
commonly around, the kidney. Multiple small lipomas are sometimes 
found immediately under the capsule. 

[Sarcomas, especially round- and sifindle-cel^ed in type, may occur, 
as may also lymphomatous and lympho-sarcomatous tumours — ^the last- 
mentioned most commonly in infancy and early childhood. Such 
sarcpmas,^when thus occurring in infants, are sometimes of enormous 
size ; and, if present in the foetus, they may interfere with parturition. In 
the adult, such tumours are usually relatively smaller — rarely larger than 
an infant’s head. They are generally spindle-celled or small round-celled 
in type. Rhabdomyomas and Myosarcomas, or congenital tumours con- 
taining peculiar aberrant forms of striped muscle, often mixed with con- 
nective tissue of primitive or sarcomatous type, are extremely rare forms 
of malignant growths in the kidney. They are found usually in early 
infancy, and are regarded as due to the embryonic intermingling df * 
tissues. The occurrence of such tumours in the kidney may be one of 
the peculiar associated phenomena characteristic of tuberose sclerosis 
(q, i;., p. 998, and also pp. 299-301 and 532). Leiomyomas arc very rare. 
They have been described as occurring on the surface under the capsule. 

Simple Adenomas originating in kidney-tissue proper are of extreme 
rarity, but adenomatous tumours, arising from suprarenal remnants or 
“ rests,” and to which allusion is made in the Chapter on Tumours (p. 271 ; 
*see also p. 854), are of more frequent occurrence. Aberrant or displaced 
portions, or even the whole, of the suprarenal body, may be found partially 
or entirely embedded in the renal cortex, from which they arc usually 
demafiSated by a distinct fibrous-tissue capsule. They are seen com- 
monly as small, more or less regularly rounded masses, immediately 
under the capsule, projecting slightly above the general surface, and 
presenting the finely -mettled, orange-yellow or ''yellow-ochre colour 
characteristic of the suprarenal cortex itself. From these rests — ^which, 
as a rule, shew almost the normal microscopical characters of the cortex 
of the suprarenal gland itself — ^tumours, both simple and malignant, 
may arise. Such tumours — Hypernephromas, as they have been termed — 
are most commonly found in patients over fifty years of age. They are 
situated usually towards the upper end of the kidney, and may vary 
in size from that of a walnut up to that of the closed fist, or even larger. 
They are, as a general rule, irregularly rounded, and sometimes nodulated, 
and grow inwards towards the pelvis, the kidney-tissue becoming com- 
pressed and atrophied — a distinct line of demarcation usually being seen 
between the two. On cutting into the tumour, the section may present 
a peculiar nodular and variegated appearance, due to the intermingling 
of orange-yellow sujiiraTenal-like tissue, with areas of hmmorrhage, and of 
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degeneration and necrosis — ^which are of comparatively common occur- 
rence. Occasionally, also non-striped muscle-fibres, areas of cartilage, 
and even of bone, are found, such tumours being apparently either of 
the nature of embryomas, or due to the intermingling of tissues early 
in development. These complex tumours vary greatly in their degree of 
malignancy. They may be comparatively simple and slow-growing, 



Fia, 418 . — Mixed Malignant Tumour of Kidn>ryy originating, perhaps, as an embryoma, or 
possibly from the inelnsion or intermingling of neighbouring tissues during embryonic / 
life. The tumour contains areas of imperfectly -formed cartilage, small cystic adenoma- 
tous spaces, and masses of aberrant suprarenal tissue. The dark areas are due to 
extensive hiemorrhages into the tumour. (Edinburgh University Anatomical Museum. 
Catalogue No., Gen. - U. A. w. viii. 3.) 


with httle tendency to infiltrate neighbouring organs and tissues, and 
they may not give rise to metastases; but, in other cases, they are 
more actively malignant, increasing rapidly, and producing secondary 
growths in the liver, lungs, bones, etc., and also, not infrequently, in the 
other kidney. 

Primary Cancers of the kidney are comparatively rare and may be 
of malignant adenomatous type. They may be primary in, and 
limited to, one kidney; but it is common, in t&ese cases, to find 
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secondary growths in the opposite kidney. Such tumours may be 
characterivsed by the presence of numerous cystic spaces, due to the 
blocking and dilatation of kidney-tubules. Encephaluid or soft cancers, 
sometimes containing very large cells, occur; and, in some cancerous 
tumours, ciliated epithelial cells have been found. 

Secondary growths arising from tumours elsewhere are not specially 
cofiimon in the kidney, but, when they do occur, they may be very 
numerous. Both cancers and sarcomas are found, especially melanotic 
forms of the latter. 

^Hsematuria is prcscjit in the majority of cases f)f malignant disease 
of the kidney, but is liable to occur especially in malignant papilloma of 
the mucous membrane of tlie pelvis. With this type of tumour, calculi 
are found associated in about 50 per cemt. of tlie cases. 

PARASITES IN THE KIDNEY : * 

Hydatid Cysts are rare. They may either be confined to this organ, 
or accompany a similar condition of the liver. 

Schistosomiasis (Bilharziasis) may attack the mucous m^tfinbranc.of 
the pelvis. 

Eustrongylus Gigas, a very rai’c parasite in man, has l)eon described 
as occurring, coiled up within the pelvis of the organ. 


DISEASES OF THE URINARY BLADDER 

. CONGENITAL ABNORMALITIES. Malformations.— The main portion 
t)f the bladder is formed dovelopmentally from the upper part of the 
anterior division of the entodermal cloaca; whilst the smaller basal 
portipn, roughly corresponding to the trigone, arises from the opemed- 
out lower ends of the Wolffian ducts, and is, therefore, of mesodermic 
origin. The upper or cephalic end of the bladder narrows gradually, 
aj)d is continuous with the proximal part of the allantois, which 
should normally close about the fifth week of intra-uterine life (Dixon).^ 
Owing to the incomplete closure of these structures anteriorly, vary- 
ing degrees of malformation, from umbilical fistula up to complete 
extroversion of the bladder^ may occur. In the latter condition, the 
anterior wall of the abdomen between the pubes and the umbilicus, 
and the front wall of the bladder, are deficient. The cleft so formed 
is lined by the posterior wall of the organ, the margins of which 
are continuous with the skin of the abdomen. In consequence of the 
intra-abdominal pressure acting upon the soft, yielding bladder-wall, 
it is protruded through the incomplete abdominal parietes, forming 
an irregular, bulging mass, varying in size, and covered by congested, 

1 Dixon, in Cunningham’s Textbook of Anatomy, Henry Frowde and Hodder & ^ 
Stoughton, Edinburgh, Glaagow and London, 4th edition, 3rd impression, revised, * 
1917, p. 1332. • 
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and — from its exposure to bacterial infection — usually inflamed, mucous 
membrane, on which the openings of the ureters can be seen, inter- 
mittently discharging urine during life. With this bladder-condition, 
there are usually associated malformations of the urethra and external 
genitals^ more especially epispadias or incomplete closure of the urethra 
along the dorsal aspect of the penis, wliich itself usually remains small 
and rudimentary. The j)ubic arch may be incomplete towards the 
middle line. 

Minor degrees of non-closure are also found, cither at the upper, or. 
at the lower, end of the original cleft. The urachus or intra-abdominal 
portion of the allantoic canal may remain patent, producing a urinary 
fistula, running from the apex of the bladder up to the umbilicus, where 
it opens on to the surface. In other instances, only certain portions of 
this canal persist unclosed, and#may, by their subsequent distension, 
give rise to cystic formations. From defective closure at the lower end, 
varying degrees of epispadias are produced (see p. 926). 

INJURIES. — Rupture of the bladder, with extravasation of urine into 
the peritoneal cavity or into the cellular tissue, etc., may occur, especially 
in crushing injuries causing fracture of the pelvis. Injury to the bladder 
may be produced by penetrating wounds, or during parturition ; and also 
in cases of falls from a height, or blows on the abdomen when the bladder 
is distended with urine. For a detailed account of these and other con- 
ditions, reference should bo made to textbooks on Surgery, Midwifery, 
and Gynaecology. 

DILATATION of the bladder, with or without HYPERTROPHY 
of its muscular walls, is of comparatively common occurrence. Acute 
distension may be due to obstruction of the outilow of urine, e,g. from 
congestion of the prostate, especially where the so-called middle lobe of 
the gland is enlarged. Such acute distension may also be due to paralysis 
of the muscular coat of the organ, and may be very great in degi’ee. 

Where the dilatation is gradually produced, e.g, in cases of urethral 
stricture, a very considerable degree of hypertrophy may occur, more or 
less uniform in so!ne cases, but in others extremely asymmetrical, the 
thick, interlacing bundles of muscle, when viewed from within, often 
resembling the pectinate muscles of the heart. Between these bundles, 
pouch*like dilatations or diverticula, sometimes of considerable size, may be 
produced — a condition known as sacculation of the bladder. Where 
once formed, such diverticula tend to become progressively larger in size. 
In these sacculi, calculi may form, deposits of triplp phosphates being 
common, especially if any infection, leading to decomposition of the 
urine, occurs. Diverticula may also, in some cases, be congenital in 
origin, e,g. those arising from a persistent urachus (see above), 

HAEMORRHAGE IKTO OR FROM THE BLADDER.— Apart from 
conditions in whiejb the blood reaches the bladder* from above, e,g, 
|rom the kidney or renal pelvis, hsBmorrhage may occur in ^ses of frauma 
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(accidental or operative), in calculus-formation, in blood-diseases {e.g. 
haenaophilia, scorbutus, etc.), in some cases of poisoning {e.g, with canth- 
arides), in certain very acute forms of cystitis, and in cases of tuberculous 
, ulceration, new growth, and schistosomiasis (Bilharziasis or endemic 
hsematuria). Bleeding from the bladder-wall may also be produced if 
the urine from an over-distended bladder be too quickly drawn off. This 
is due probably to the sudden filling and rjipture of vessels which, 
having been rendered temporarily function less owing to the pressure 
upon them of the contained urine, have undergone degenerative changes. 
In cases oj chronic venous obstruction, e.g, by old inflammatory adhesions, 
tumour-growth, etc., the veins of the submucous coat of the organ 
occasionally become varicose, and, from their rupture, give rise to 
hsemorrhage. 

CYSTITIS. — Inflammation of the mucous membrane of the bladder 
varies greatly in its intensity, minor degrees of cystitis being com- 
paratively common. The condition may occur alone, but is very often 
associated with pyelitis, urethritis, prostatitis, etc. 

Causes. — Cystitis arises from the irritation of calculi, of n5w growtli,* 
or of the ova of Schistosonmm hcenmiobimn {Bilharzia) ; but, in most 
cases, and even in those just mentioned, the condition is commonly 
due to bacterial infection. Bacteria may gain access to the bladder — 

{a) From below, by way of the urethra, *e. g, from the use of a dirty 
catheter, especially in cases of paraplegia and other paralytic diseases ; or 
the bladder may become infected by the upward extension of a gonorrhoeal 
or other form of urethritis. In the females,^ such ascending infection is 
•specially common after defloration and parturition, and is mostly fre- 
quently due to B, coli and its relatives, with or without associated 
Strepto- or Staphylo-cocci, or to the GonococcuSy EnterococcuSy etc. 

(b) From above, by way of the ureters, for example, in suppurative or 
other infective diseases of the kidney. 

It may here be noted that, in the kidney, bacteria may pass from the 
blood into the urine without any apparent gross lesicTu such as ulceration ; 
and, in this way, bacteria, in some cases, reach the bladder. The 
presence of bacteria in the urine — Bacteruria, or, if due to bacilli, 
Bacilluria — does not necessarily, however, give rise to any special 
inflammatory lesions in the bladder or urinary passages. Bacteruria is 
very commonly present in typhoid fever, B. typhosus being passed, often 
in very considerable numbers ; and, similarly, B, paratyphosus, and other 
members of the coli-typhoid group. Micrococcus melitemisy Strepto- 
coccus rheumaticus^ and other organisms may occur in the urine in 

^ Carnegie Dickson, working in conjunction with Dr. H. Moreland McCrea, 
Dr. A. Charles Gray and other clinicians, has isolated various streptococci — probably 
identical with, or iorming a group closely allied to, the Streptoc^vs rheumatictis — 
from a series of some fifty cases of chronic rheumatic and rheumatoid arthritis, so- ' 
called fibrositis, muscular rheumatism, and allied conditions. In a large proportion 
of these cases, the jomt- and other local lesions reacted in a specific manner to 
vacoinqs prepared from the streptococci so isolated. 
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cases of general infection by them. Another form of bacteruria, which 
is comparatively common, is that following a cystitis, pyelitis, or combina- 
tion of these conditions^ in which the inflammatory reaction gradually 
dies down but the organisms persist, sometimes in large, sometimes in 
small, numbers. Cases of tliis nature are very liable to relapses or 
recrudescences of the inflammatory condition when exposed to chill or 
other predisposing cause— a common sequence of events in, say, B. ooli 
bacilluria. 

(c) By way of the blood- or lymph-stream. The bladder may become 
infected from the intestine, through the weakened or damage^ wall§ of 
which, organisms, e. g. B, coli, may pass and find their way by blood- or 
lymph-stream into the bladder. Such passage of organisms by these 
channels, however, probably takes place most frequently through the 
kidneys, as described above. , 

The bacteria most frc^quently found in cases of cystitis are the B. coli 
group. Staphylococci, especially Staphylococcus pyogenes albus, the 
Gonococcus, Enterococci and other forms of Streptococci^ and B. protcus, 
'a^ well as h number of bacteria whose classification is still doubtful. In 
many cases, such infections are mixed in character. Certain organisms 
which lead to alkahne decomposition of the urine may produce cystitis, 
a deposit of ammonium urate, phosphates, etc., being found on the 
mucous membrane. Except where this occurs, the urine, in cases of 
cystitis, is usually acid when passed, though it rapidly undergoes decom- 
position and becomes alkaline on standing. 

Morbid Appearances. — ^The mucous membram^. is congested, swollen, 
and usually thrown into folds. It is sometimes much discoloured, vary-' 
ing from dark-red to purple, and often shewing numerous extensive sub- 
mucous hsemorrhages, the appearance sometimes almost suggesting that 
of gangrene. The surface may be covered by a red or yellowish-red 
deposit of precipitated ammonium urate, uric acid, earthy phosphates, 
etc., and the summit of the ridges with mucus, muco-pus, or, in some 
cases, with almost ’pure pus. The distribution of the inflammatory 
phenomena may be general, but is often more intense at the base or 
trigone. The openings of the ureters may be specially affected, par- 
ticularly when there is associated pyelitis, e. g. they may shew congestion, 
oedematous swelling, hsemorrhage, etc. 

Where the inflammatory condition becomes chronicf the bladder-wall 
may be greatly thickened, this thickening being due mainly to an over- 
growth of fibrous tissue in t-Ue wall, though some degree of hypertrophy ’ 
of the muscular coat may occur. Marked contraction may supervene, 
and, in some instances, the cavity of the bladder may be ahnost absent. 

TUBERCULOSIS OF THE BLADDER. — See under Genito-Urinary 
Tuberculosis^ p. 914. 

NEOPLASMS OF THE BLADDER. — ^These are most frequently 
papillomatous in type — either simple, or, perhaps^ more commonly, 
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malignant in nature, the one group running into the other without any 
definite line of demarcation between them. They are characterised by 
the presence of masses of long, extremcl}^ delicate*, branching villous 
processes, which consist usually of a scanty, highly vascular, connective- 
tissue core, covered by transitional stratified epithelium, very much 
resembling that of the normal bladder, though the superficial and more 
flattened cells may be absent. In simple cases, the condition is limited 



I<ta. 419. — Villous Papilloma of Bladder ^ composed of long, sloiidor, bmnehing processes 
with dolicato vascular core covered by proliferated transitionai epithelium. X 200. 

to the mucous coat, but, in those which arc malignant, wide-spread in- 
filtration may occur. All intermediate grades are found. Haemorrhages 
from such tumours frequently occur, and small portions of the tumour 
may break off, and be found on microscopical examination of the urine. 

Scirrhus tumours, though they may occasionally be primary, arc 
more usually secondary, especially to tumours of the prostate ; and the 
same holds good with regard to adeno-carcinoma. Fibroma, myxoma, 
myoma, and sarcoma are rare. Cysts are also very uncommon, but 
may originate from glands or from congenital defects connected with* 
the urethra, uraefeus, Wolffian body, or Gartner's duct. 
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HALAKOPLAKIA is an extremely rare condition which may attack the 
luucou/s mcmbraiie of the bladder —the ntithors having scon only two cases 
of it in twenty years. It is characterised by the presence of slightly-raised 
pale -whitish or yellowish -white opaque areas scattered over the surface, due 
to the d(‘velopment, mostly in the submucous (*oat, of masses of large polygonal 
cells, many of which contain clear rounded “ Michselis-Gutmann bodies,’’ 
staining deeply with hsornatoxylin, and being probably degeneration-products. 
I'he nature of the condition is still unknown, some writers having suggested 
that it may be neoplastic, granulomatous, or bacterial in origin, others that 
there may be more than one factor in its causation. This disease may also 
attack the kidney. 

PARASITES.— The only y>arasite of importance which afiects the 
urmary bladder is Sdiisiosomxtm hwfmtiohixJini {Bilharzta hcematobia), a 
full description of which will be found on p. 391. Carnegie Dickson 
(with Thomson Walker) has investigated two cases f)f urinary infection 
with mites {see pp. 440-1). 

URINARY CALCULI 

‘ » f 

{See also p. 900) 

These are composed of certain normal or abnormal constituents of 
the urinary secretion which, either because of their excessive amount, 
or from precipitation owing to the occurrence of certain chemical 
changes — e.g, those found in decomposition of the urine— crystallise out, 
or are deposited in amorphous form. Such calculi may be composed of 
one, or, in many cases, of ^ mixture of two or more, of the following 
substa] ices- -uric acid, urates, calcium oxalate, phosphates, and, more 
rarely, calcium carbonate, cystin, xanthin, or cholesterin. In the calculus, 
these substances are bound together by an organic matrix, usually 
altered mucus or some similar substance, and may have a laminated, 
and frequently also a radially striate, structure. The “ nucleus ” of a 
calculus is usually composed of urates or uric acid (which may originate 
in the kidney) or, in %ome cases, may consist of a foreign body. 

In Egypt and elsewhere, Bilharzia ova, or broken-off fragments of 
Bilharzia papillomata containing them, may form the nucleus of ^calculi. 

Inflammatory, degenerative, and necrotic processes play an important 
,gart in the production of some calculi, e,g, inflammatory products 
may become infiltrated with the various chemical subsktnees mentioned 
above. On the other hand, calculi, wlien once formed, act as foreign 
bodies, the irritation of which either helps to keep up a pre-existing 
inflammation, such as a pyelitis or cystitis, or predisposes towards its 
occurrence. 

Calculi are single or multiple, and may lie free in the bladder, or be 
embedded in a diverticulum, or they may be impacted at the opening 
the .ureter. 

tJrle-Acid Calculi are formed where uric acid crystallises out in 
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consequence of excessive acidity of the urine, the acid phosphates using 
up some of the bases which should, under normal circumstances, be 
combined with it. This substance may also be precipitated where it is 
present in excessive amount because of dietetic and other errors; or 
where the watery part of the excretion is insufficient in amount to hold 
it in solution. Uric-acid calcuh are hard in consistence, and more or less 
spTierical or ovoid in shape. They are usually yellowish- or reddish-brown 
in colour, from the associated presence of urinary pigment. They are 
generally slowly formed, and may, if the urine becomes alkaline from 
decomposition, form the “ nuclei ” of more rapidly growing phosphatic 
stones. 

Urate-Calculi, composed of ammonium or of sodium urate, etc., are 
rare. They are found chiefly in infants, though they also occur in 
adults from ammoniacal decomposition of the urine. 

Calcium-Oxalate Calculi may originate in the pelvis of the kidney, 
and be carried down into the bladder. They are extremely hard, and 
usually present a rough, nodulated or “ mulberry ’’ exterior, by reason 
of which they give rise to considerable irritation and haemefrrhage, 
are themselves generally stained a dark-brown or brownish-black colour, 
from the presence of blood-pigment. They frequently shew an admixture 
with uric acid, and they may form the nucleus oi phosphatic concretions. 

Phosphate-Calculi are found ' especially where there is ammoniacal 
decomposition of the urine due to bacterial infection. They are pale 
and chalky in appearance, soft, and friable, and are composed mainly 
of magnesium and calcium phosphates, usually mixed with varying 
quantities of calcium oxalate and ammonium urate, mucus, and urinary 
pigment. They are found commonly in cases of cystitis, when the urine 
becomes alkaline from decomposition, and they frequently exhibit a 
“ nucleus ” of uric acid. From the fact that it is fusible in the flame 
of the blow-pipe, the phosphatic calculus has been termed the fusible 
calculus. If is soluble in the mineral acids without evolution of gas. 

Calcium-Carbonate Calculi, though common in^herbivora, are rare in 
man. They are usually extremely hard, though soft forms may some- 
times be found. They readily dissolve in a mineral acid, carbon -dioxide 
gas being given off. 

Cystin-, Xanthin-, and Cholesterol-Calculi, are extremely rare. " 


DISEASES OF THE URETHRA 

MALFORMATIONS. — Absence of the urethra, in whole or in part, 
may occur. Doubling of the channel, abnormal communications {e.g, 
with the rectum), diverflbula, and other somewhat rare abnormalities, 
are occasionally found. The commonest and most important maU 
formations are hypospadias and epispadias. 
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Hypospadias is a condition due to the non-closure of the floor of the 
urethra. All degrees of such non-closure may occur; and the anterior 
orifice of the complete portion of the channel may open at any point 
from the glans in front to the perineum posteriorly. In its most extreme 

form ^the condition known as pseudo-hermaphroditism — ^the urethral 

opening is in the perineum; the scrotal integuments shew a central 
vertical cleft simulating t|,}ic aperture of the vulva; and the penis is 
rudimentary and resembles a hypertrophied clitoris. The testicles may 
not have descended, or may be malplaced. In its lesser degrees, the 
anterior opening of the urethra is in front of the scrotum on the und^er 
aspect of the penis. In its commonest form, the aeformity is slight, 
the aperture being on the under aspect of the glans in the position of the 
fra)num, which is imperfect or absent. 

Epispadias is a condition where the urethral wall is defective upon 
the dorsal aspect of the penis. The opening may be on the upper aspect 
of the glans. More commonly, however, it is at the root of the penis 
ipidcr the symphysis pubis. In its most complete form, it constitutes 
part of the condition of extroversion of the bladder {q.v., p. 919). 

INJURIES OF THE URETHRA occur from lacerated wounds of, 
or, occasionally, from falls upon, the perineum — ^the passage, in the 
latter case, being nipped ’’ against the lower edge of the pubic arch. 
Tearing of the urethra — especially at or iiear the triangular ligament — 
is a common complication of fracture of the pelvic bones; whilst false 
passages may be produced by the unskilful use of the catheter in cases 
of stricture, etc., or the introduction of foreign bodies. These injuries 
arc of imj)ortance from the fact that they produce extravasation of urine 
into the surrounding tissues, and also because any such injury may lead, 
later, to cicatricial contraction, and the production of urethral stricture. 

INFLAMMATORY LESIONS. — The most important of these is the 
inflammation produced by the Gonococcus or Micrococcus gonorrhoea}. 
In the acute stage, the mucous membrane is red and swollen, and there 
is a glairy discharge ^hich soon becomes purulent and usually slightly 
blood-stained. It contains numerous polymorphonuclear leucoc}d}es, and 
also mononuclears and desquamated epithelial cells, in the interior of 
which — especially in the polymorphs — ^the causal organism may be 
found. The Gonococci penetrate deeply into the mucous membrane 
and the subjacent connective tissue, where they often persist for a long 
period. They may also infect the prostate, seminal vesicles, testicles, 
bladder, etc.; and, in the female, may produce gonorrhoeal cervicitis, 
endometritis, salpingitis, or perhaps peritonitis. Secondary mixed 
infection with other organisms, especially Staphylococcic^ albus and 
diphtheroid bacilli, usually occurs comparatively early. Gonorrhoeal 
urethritis usually persists as a chronic inflamniation for a considerable 
period after infection, and is the commonest cause of stricture. 

Other forms of urethritis occur, but are comparat^ely rare. 
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STRICTIBFRB OF THE URETHRA may arise from cicatricial contrac- 
tion following injury or inflammation. It is most commonly gonorrhoeal 
in origin. The most frequent site of such strictures is at, or immediately 
in front of, the triangular ligament, i. e. at, or near, the junction of the 
membranous with the spongy portions of the canal. Prom the resulting 
retention of urine, the urethra above the stricture, the bladder, and 
perhaps also the ureters and renal pelves, become /lilated, and considerable 
hypertrophy of the bladder frequently ensues. 

URETHRAL CALCULI.— Those may be due to impacjtion from above# 
or, ip some cases, primary. In the latter case, they are usually phosphatic 
in nature, may be multiple, and sometimes attain to a considerable size. 

TUMOURS OF THE URETHRA are rare. Papilloma, fibroma, myoma, 
adenoma, cysts, carcinoma and sarcoma have all been described. Urethral 
Caruncle in the female is a highly vascular tumour developing on the pos- 
terior wall of the urethra Jiear the meatus. It is covered by squamous 
epithelium. 

These and allied conditions are more fully discussed in 'textboolis 
of Surgery and Gynajcology. 
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DISEASES OF THE GENERATIVE SYSTEM 

In addition to its primary function of spermatogenesis, an important 
internal secretion is produced in the testis, probably by the so-called interstitial 
cells of Leydig lying between the gland-acini. Castration in the hiale child 
prevents the further deveiopment of the prostate and seminal vesicles and 
the special secondary sexual characteristics (development of hair on the face, 
and the male skeletal characters, enlargement of the larynx, etc.). Most 
of the ductless glands are affected in varpng degrees, the thyroid being dimin- 
ished, and the suprarenal cortex, pituitary and thymus increased, in "size, 
with arrest of the normal retrogression of the last-named organ . The epiphyses 
remain longer unossified, and the bones tend to be thinner and more elongated 
than normal. In the adult, the prostate tends to atrophy, and the secondary 
sexual characters may become less marked. Very important effects upon 
metabolism are produced, and there is marked tendency to adiposity. These 
phenomena are due to the loss of the autacoid produced by the interstitial 
cells, and not to the absence of the sperm-producing tissue. Prolonged 
^ exposure to X-rays leads to atrophy, first of the seminiferous glandular tissue 
ahd, later, ’of the interstitial cells. 

We do not propose to deal with the diseases of the female generative 
system, as these are fully described in works on Gynaecology i ; or with 
various surgical affections, such as hernia, etc., for descriptions of which, 
textbooks of Surgery ^ may be consulted. 


DISEASES OF THE TESTICLE 

MALPOSITIONS.— The testes are developed within the abdomen, 
from which they should normally descend into the scrotum during foetal 
life. CRYPTORCHISMUS or UNDESCENDED TESTICLE is the term 
applied to the condition where the descent has, either totally or partially, 
failed to occur. It may affect one or both organs, and the arrest may 
take place at any patt of their downward cours<!^. Thus, the undescended 
testis may be situated within the abdomen, or in the inguinal canal. The 
organ is, as a rule, imperfectly developed and functionless as regards 
spermatogenesis, though the specific internal secretion is still usually 
produced by the interstitial cells, which are generally present. * The 
condition is of importance from the increased liabilitj’' of the gland to 
injury, or to become the scat of inflammation or neoplastic growth. In 
some cases, apparently from abnormalities in the attachments of the 
gubernaculum testis, the organ may find its way into the perineum or 
elsewhere. < 

^ Gynecological Diagnof^k, by Barbour and Watson, Green & Sons, Edinburgh 
and London, edition 1914; Gynaecology for Students and Probctitioners, Eden and 
I^kyer, Churchill, .London, 1916. 

A System, of Surgery * edit(id by Choyce and Beattie, Cassell & Co., London. 
eU, 1916. ‘ , ^ <1^ 
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MALFQHMATIONS and other congenital abnormalities occur; for 
example, the non-development of one or both organs, or, in rare instances, 
the occurrence of a third testicle. 

HYDROCELE, or distension of the tunica vaginalis with fluid, may 
be dropsical, or, more commonly, inflammatory in origin. When of old 
standing, the tunica vaginahs may become much thickened. On the 
surface of the testicle this fibrous thickening may be irregular and nodular, 
and is liable to be mistaken, on naked-eye examination, for cartilage. In 
congenital hydrocele, the cavity of the tunica vaginalis remains in com- 
munication with the general peritoneal cavity. If haemorrhage occurs 
into the t'tinica vaginalis, the condition is known as HiSlMATOCELE. 

ORCHITIS, or INFLAMMATION OF THE TESTIS, is produced by 
local infection by way of the urethra and vas deferens, as in gonorrhoeal 
orchitis; or it may be due to a blood-spread, as in cases of acute infective 
parotitis or mumps, in which disease this complication is of not infrequent 
occurrence. 

An orchitis commences usually in the epididymis, where it may 
remain localised, or from which it may spread to the body of the testicle. * 
Acute hypersemia and swelling occur, with or without extension of the 
inflammation to the tunica vaginahs. Recovery may take place, or the 
disease may go on to abscess-formation, or it m^ become chronic. 

Chronic orchitis is characterised by fibrous overgrowth, with conse- 
quent atrophy of the glandular elements. It may, as just stated, originate 
in an acute attack, or it may be due to one of the chronic infective diseases, 
such as tuberculosis, syphilis, or leprosy. 

• TUBERCULOSIS OF THE TESTICLE.— The disease usually com- 
mences in the epididymis, and is due probably to a blood infection. 
The usual phenomena of the disease are seen, viz. caseation and fibrous 
overgr6wth. These may, at first, be localised to the ejiididymis, which 
becomes palpable as an elongated firm mass, lying along the posterior 
border of the testis. The process tends to extend to the body of the 
gland, which, from the {ij)read and coalescing of tha caseous areas, may 
become entirely destroyed. Ulceration is liable to occur, with the 
formation of fistulous openings through the skin of the scrotum. 

Reference has already been made to the tendency of the tuberculous 
process to spread to the bladder and kidneys [see Genito-Urinary Tuber- 
culosis, p. 914). , 

SYPHILIS OF THE TESTICLE may take the form of a diffuse chronic 
Inflammatory overgrowth of the connective-tissue framework of the 

organ : or of localised gummatous formation. In the latter case, the 
gummata ruay be multiple, and may, by their coalescence, cause practically 
total destruction of the gland. 

TUMOURS OP THE TESTICLES. — Simple tumours are uncommon, 
the testicle being much more frequently the seat of malignant disease. 

Cancers — especially those of the soft or encephaloid variety — ^and 

61 * 
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sarcomas may occur, the latter often exhibiting a mixed character, for 
example, combinations with myxomatous, chondromatous, adenomatous, 
and other tumours. Mixed cartilaginous tumours of the testicle are of 
special interest. They are sometimes highly malignant, and have been 
considered by some writers to arise from remnants or ‘‘ rests ” of aberrant 
and included vertebral cartilages — the testicle, before its descent, lying 
in close proximity to the bodies of lumbar vertebrae; they are now, 
however, believed by most authorities to be teratomatous in origin, this 
view being probably the correct one, there being usually an admixture 
of other tissues derived from the various embryonic layers present in 
such tumours in addition to cartilage. 

Chorion-epithelioma is another tumour, of a teratomatous nature, 
which may occasionally occur in the testicle. In the male, it is 
necessarily a ** tumour of consanguinity,” i,e, derived from a germ-cell 
segregated very early in development and with potentialities in 
some ways resembling those of the impregnated ovum itself. In 
the male, such tumours are always of much greater malignancy 
'than ill tke female, as, in the case of the latter, the tumour arises 
from the oflspring, and the chorionic tissue may attain a varying 
degree of maturity, the resulting tumour shewing a corresponding 
variation in its malignancy — a lesser degree being found, the more 
mature the development of the tissue from which it originates. 

Cystic tumours of the testicle sometimes occur, in which the testicle 
is transformed into a congeries of dilated cysts, originating possibly from 
the developmental intermingling with the remains of the WolflBan body 
or neighbouring structures.* 


DISEASES OF THE SPERMATIC CORD 

Of these, the commonest is the condition of VARICOCELE or varicose 
dilatation of the sp^matic veins. This occurs^ most commonly on the 
left side. {See under Diseases of Veins, p. 562.) 

HYDROCELE OF THE CORD is due to distension of unobliterated 
remnants of the peritoneal divertJculum formed for the descent of the 
testicle, and from the lower part of wdiich the tunica vaginalis testis 
originates. Hsemorrhage into these remnants, or into the tissues of the 
spermatic cord, constitutes the condition known as ETjIEMATOCELE or 
HEMATOMA of the cord. 

TUBERCULOSIS of the vas deferens may occur as part of the more 
widely spread condition known as Genito-Urinary Tuberculosis {see p. 914). 



DISEASES OP THE GENITO-URINARY SYSTEM 931 


DISEASES OF THE PENIS AND SCROTUM 

BALANITIS, or inflammation of the mucous membrane covering the 
glans and lining the prepuce, may occur independently; or it may be 
associated with the presence of hard chancre, soft sores, gonorrhoea, etc. 
Inflammatory affections of these parts are also found in some cases of 
gout and diabetes. * 

For descriptions of such conditions as phimosis (narrowing of the 
anterior orifice of the prepuce), paraphimosis^ etc., reference should be 
mafler to textbooks of Surgery. 

ULCERS, or CHANCRES, are of frequent occurrence, especially in the 
venereal diseases. Hard chancre is the primary lesion of syphilis, and is 
situated usually on the glans, either on the corona or in the neighbourhood 
of the frsenum, and SpirochwUi pallida may be found in a scraping from 
the base and edges of the ulcer, as well as in the juice of the enlarged 
inguinal glands obtained by puncture with a syringe. Soft sores or 
chancroids have a similar distribution. They have usually bceigi regarded ' 
as due to local infection with Ducrey’s bacillus, which may also be found 
in the buboes or enlarged lymphatic glands in the groin; but the 
specificity of this organism has not been clearly established. Soft 
sores — unlike the hard chancre — are not infrequently multiple. Con- 
dylomata or papilloma-like overgrowths also occur in syphilis. They 
may sometimes be of considerable size, forming masses somewhat 
resembling a bit of cauliflower in appearance. 

. TUMOURS. — ^The most important tumour of the penis is the squamous 
epithelioma, which originates usually in or near the glans, forming 
irregular, fungating, warty masses, which may undergo extensive ulcera- 
tion. This form of tumour may also attack the scrotum, and, from its 
comparative frequency among chimney-sweeps, is sometimes called 
“ Chimney-sweepers’ cancer,” and is, at all events partly, due to the 
chronic irritation of soot-^articles in this region.' ^ 

ELEPHANTIASIS OF THE SCROTUM and LYMPH-SCROTUM are 
referred to on pp. 43G— 7. 


DISEASES OF THE PROSTATE GLAND 

• 

The prostate gland may be affected by various degenerative, inflam- 
matory, and neoplastic changes, the most important of these being the 
enlargement found very frequently in elderly subjects. This enlargement, 
often termed “ hypertrophy ” of the prostate, is, more accurately speaking, 
a hyperplasia affecting the muscular and connective tissue of the organ, 
with or without glandular prohferation. Where the gland-tissue shews 
proUferation, there is usually a marked tendency to the formation of 
numerous cystic which may become filled with desquamated 
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epithelium, debris, and the so-caJled ''amyloid bodies/^ The causes of 
tWs hyperplasia are obscure, and the overgrowth may sometimes almost 
resemble that of a tumour. The enlargement is, in some cases, a uniform 
one, but, very often, it is localised to some particular area of the 
gland, especially the central part, which may become enlarged and 
project into the cavity of the bladder at its neck, constituting the so-called 
“ middle lobe ” of the jgrostate. The prostatic portion of the urethra 
becomes elongated, and perhaps distorted and compressed, giving rise 
to obstruction to the outflow of urine from the bladder. This obstruc- 
tion, from superadded congestion, may become “acute’’ or complete. 
Prostatic enlargement may, therefore, lead to changes in the bladder, 
resembling those produced by stricture of the urethra elsewhere, viz. 
dilatation, hypertrophy, sacculation, etc. 

Wade ^ classifies the causes^ of Prostatic Dysuria or “ Prostatism ” 
as follows : — 

Three outstanding varieties of disease lead to prostatism : 

• (a) Pmstatic Hypertrophy or Chronic Lobular Prostatitis, the com- 
monest lesion, present in 82 per cent, of his 134 cases. He 
considers the condition a senile hyperplasia, an aberrant 
growth of tissue that is not the result of the occurrence of an 
independent new growth, but is liable to develop into the 
same. It develops usually in the middle lobe, and is almost 
uniformly confined to the middle and lateral lobes. It is 
very rarely confined to the anterior lobe. 

(b) Prostatic Fibrosis or Chronic Interstitial Prostatitis, present m 

between 7 and 8 per cent, of the 134 cases examined. The 
gland is reduced in size, and shews sclerosis of the inter- 
glandular fibrous tissue, with dense adhesions to the capsule. 

(c) Prostatic Carcinoma, the commonest true tumour of the gland, 

and found in about 10 per cent, of his 134 cases. The three 
types of ctiicinoma in his series were«Scirrhus, Medullary Cancer 
and Adeno-carcinoma. In Thomson W^alker’s series of 242 cases, 
16'5 per cent, were malignant. 

INFLAMMATION, or PROSTATITIS, may be acute or chronic. It 

is very frequently due to gonorrhoeal infection, especially where stricture 
supervenes, but may also occur as a complication of certain of the 
acute infective diseases. In gonorrhoea, the infection reaches the glafid 
usually directly by way of the urethra, either naturally, or assisted by 
injections or the passage of instruments. Staphylo- or Sirepto^cocci, and 
jB. coli are next in frequency to the Gonococcus as the infective agent. 
Diphtheroid, minute Gram-negative, and other, as yet unclassified, 

^ Prostatism,” by Henry Wade, AnmU of Surgeryy Philadelphia, Penn,, 
March 1914, p. 321. 
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bacilli, are also common as organisms of secondary infection. The 
Gonococcus, though frequently the primary cause, is often masked or 
replaced by the other organisms named. In some cases, the disease is 
suppurative, and may occasionally lead to thrombosis of the neighbour- 
ing veins, and sometimes to pyaemia — a result which may also follow 
operative interference with the gland. 

• tuberculous disease of the prostate is not infrequent, especially 
as part of the condition known as Genito-Urinar^ Tuberculosis {see p. 914). 
The urethra, vesiculae seminales, etc., may similarly be affected. 

TUMOURS AND CYSTS. — ^Apart from the condition described above 
as liyperplasia, and which may sometimes closely resemble tumour- 
growth, neoplasms of the prostate arc comparatively rare. Fibromata 
and Myomata may occur. Cancers constitute from 10 to 16*5 per cent, of 
carefully investigated series of prostatic cases operated on by the surgeon 
or examined jpost imyrtem {see ahcyve). Sarcomas are uncommon. Small 
retention-cysts, often filled with colloid material, are of frequent occur- 
rence, especially in chronic lobular prostatitis. 

PROSTATIC CALCULI AND CONCRETIONS in the ducts of tlie- 
gland are of common occurrence in old persons. They are usually small* 
in size, and are due, as a rule, to infiltration of inspissated mucus with 
lime-salts. 
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DISEASES OF THE MAMMARY GLAND 

CONGENITAL MALFORMATIONS —Congenital absence of the nipple 

is extremely rare. Absence of one or of both breasts may occur, but is 
always associated with other developmental defects. Imperfect develop- 
ment is sometimes seen ifi association with similar defects in the genital 
organs. Infantile hypertrophy may be found during the first year of life — 
the mammary gland shewing an abnormal degree of proliferation of its 
glandular elements. Abnormal development is sometimes se6n iii ’the 
male breasts, especially about the age of puberty, and an imperfect 
secretion of milk occasionally takes place. 

Supernumerary mammary glands arc not uncommon, and are situated 
a little below, and internal to,* the normal glands, in the region of 
the anterior axillary fold, in the middle line over the sternum, on the 
abdomen or in the groin, and, much more rarely, on the back, shoulders, 
•aijns, or other parts. These glands may be normal in structure and 
iunction ; but, more commonly, they are rounded masses of mammary 
tissue without excretory ducts and without nipples. 

The influence upon the mammary glands of the interna] secretions 
of certain of the ductless glands is discussed in the chapter dealing with 
these organs. 

ATROPHY supervenes as a physiological process after the menopause. 
Sometimes the atrophy is not associated with diminution in the size 
of the breast — an overgrowth of adipose, and even of fibrous, tissue , 
replacing the atrophied glandular structure. Pathological atrophy is 
said to occur after removal of the ovaries in early life ; but this change 
certainly does not take place in all cases of oophorectomy. 

HYPERTROPHY of all the constituent parts of the gland may develop 
at, or immediately following, the establishment of puberty — ^the changes 
produced being exaqjly comparable to those ^cen in the physiological 
enlargement of the lactation-period. Hypeitro])hy is also pri'sent in 
certain cases of ovarian and uterine disease. Osier and others describe 
cases of “ hypertrophy ” — or, more accurately, increase in size— of the 
gland in pulmonary tuberculosis, on the samp side as the pulmonary 
lesion, and state that “the condition is one of chronic interstitial 
mammitis and is not tuberculous.” 

DEGENERATIONS.— Fatty and myxomatous degenerations are not 

common. The latter sometimes supervenes in areas of chronic fibroid 
mastitis or in fibromas. ♦ 

INFLAMMATION 

: (a) INFLAMMATION OF THE NIPPLE AND AREOLA occurs most 

commonly at an early period of lactation, ^’he parts become conical, 
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red, and swollen. Superficial ulceration, abrasions, and fissures, with 
a certain amount of sero-purulent exudate, are sometimes present. The 
condition is liable to cause infection of the breast and abscess-formation, 
which is often bcalised to the region of the areola but, in some cases, 
extends in the substance of the breast itself. 

(b) A “CHRONIC INFLAMMATORY” condition of the nipple and 

areola was described by Paget, and was regarded by him as a precursor 
of carcinoma (see p. 937). * 

(c) ACUTE MASTITIS rarely occurs, except during the period of lacta- 
tion ; though it has been observed in infancy and childhood, at the time 
of puberfy, and in the course of infectious diseases, especially in mumps. 
Such acute mastitis occurring during the period of lactation is usually due to 
infection from the nipple, the invading bacteria being commonly Staphylo- 
cocci or Streptococci, The breast becomes swollen and hypcraemic, and 
the skin reddened. The inflammatory reaction may be widely spread 
or localised, and the process sometimes subsides without suppuration. 
Abscess-formation, however, is very apt to occur — ^the suppuration 
being confined to localised areas, or infiltrating widely^ The pui> 
tends to burrow in various directions, and may make its way into the 
ducts and be secreted with the milk, or may discharge externally through 
the skin. The abscess is situated in the sub-areolar tissue : in the breast 
itself: or in the tissues behind the breast — an abscess in the latter position 
being due, however, more usually to necrosis or tuberculosis of a rib or 
of the sternum, though, in some cases, it is produced by an extension 
of suppuration from the deeper part/S of the breast itself. 

(d) CHRONIC MASTITIS is usually divided into two main varieties — 
chronic interstitial mastitis and chronic lobular mastitis. 

(1) Chronic interstitial mastitis is comparatively rare and, as a rule, 
only one breast is affected. '*The breast may be enlarged, and the nipple 
small and retracted. There is a marked increase of fibrous tissue, which 
is usually dense and non-cellular. The mammary ducts and acini are 
widely siiparated, and slv^w various degrees of atrophy. The fatty tissue 
of the breast is largely replaced by the newly-formed fibrous tissue. It is 
a matter of considerable difficulty to detennine, in some cases, whether 
the process is of a chronic inflammatory, or of a neoplastic, nature. 

(2) Chronic lobular mastitis, or chronic proliferative or productive 
mastitis, is a commoner condition than the foregoing, and both 
breasts are frequently affected. The changes are of a proliferative 
‘and degenerative character, and are seen especially in the lobules 
of the gland — ^involving both the acini and the intcracinous con- 
nective tissue. The formation of cysts is extremely common; and, 
into these cysts, papillomatous epithelial ingrowths may take place. 
On section, the adipose tissue is scanty in amount and the glandular 
tissue* more abundant than in the normal breast. The ducts are often, 
dilated, and the]^, and also the cysts, may contain mucoid-looking 



936 


SPECIAL PATHOLOGY 


material, usually thin, and of a yellowish or brownish colour, 
which cholesterol-crystals, in varying amount, are of common occur- 
rence. Cholesterol-crystals are also occasionally deposited in the 
fibrous tissue itself in very old-standing chronic inflammatory cases. 
On microscopical examination, certain of the lobules may shew pro- 
liferative changes in the epithelium lining the ducts and acini, together 
with proliferation of the interacinous connective tissue. This new con- 
nective tissue is cellular, or densely fibrous. In other lobules, the 
epithelial prohferation is the principal morbid condition ; whilst, in other 
there is a considerable degree of atrophy of the acini, with cystic dilata- 
tion as a result of compression and obstruction at some part of their course 
by the newly-formed fibrous tissue. According to Stiles, however, the 
majority of the cysts arise as a result of degenerative changes in the acini. 

Circumscribed chronic mastitis is frequently met with, particularly 
in the axillary tail of the breast, and is due to prolonged Jactation, or to 
injury of the breast. It exhibits the microscopical character of an 
iiiterstitial, or of a parenchymatous (lobular) mastitis. 

** cThe various forms of chronic mastitis, especially those which remain 
localised, may — on account of the induration, the retraction of the 
nipple, and the period of life at which they usually occur — clinically 
closely simulate scirrhus cancer; and, in the cases in which the pro- 
liferative changes in the epithelium are a marked feature, the microscopical 
characters may come to resemble more or less closely, and indeed be 
indistinguishable from, those of a fibro-adenoma or of a scirrhus cancer. 
In the same breast, it is comparatively common to find varying 
admixtures of these lesions; and, in the opinion of the authors, scirrhus 
and other forms of cancer frequently supervene upon these so-called 
chronic inflammatory conditions, especially upon chronic proliferative 
or productive mastitis. ^ 

TUBERCULOSIS of the breast is comparatively rare, and is probably, 
in practically all casqf?, a secondary infection fi^m a tuberculous focus 
elsewhere. The lesions are similar to those of tuberculosis in other organs 
and tissues — ^giant-celled follicles, with caseation, etc. Abscess-formation 
is said sometimes to occur as a result of the tuberculous infection. The 
axillary glands are affected in many of the cases. A “ chronic inter- 
stitial, non-tuberculous raammitis'’ has been described as associated 
with pulmonary tuberculosis {see p. 934). 

SYPHILIS.' — The nipple and the areola are occasionally the seat of 
primary syphilitic lesions. These are sometimes multiple, and take the 
form of indurated sores, fissures, or ulcers, or there may be^an indurated 
patch without ulceration. Secondary and tertiary lesions in the form pf 
superficial ulcers, condylomata, and ulcerated gummata, are of commoner 
i)ccurrence. # 

^ of the breast, as a primary condition, has been 
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described by some authors. Abscess-formation in the breast, secondary 
to intrathoracic actinomycosis, is also occasionally found. 

TUMOURS AND CYSTS.^ — ^These may, for descriptive purposes, 
be classified into- those of the nipple and areola, and those of the body 
of the organ or corpus mammae. 

•A.— OF THE NIPPLE AND AREOLA :~ 

Tumours such as myxomas, melanotic sarcomas, angiomas, and 
papillomas, occur, but are very rare. Epitheliomata — especially the form 
known as Paget’s disease of the nipple — are of greater import<ance. 

Paget Disease of the Nipple. — ^This somewhat rare condition, which 
is said to occur in about one per cent, of the cases of cancer of the breast, 
was described first by Sir James Paget, in 1874, as a disease of the nipple 
and mammary areola in some ways Resembling chronic eczema, and 
almost invariably followed by cancer of the mammary gland itself.. Most 
recent writers on the subject, with whom wc agree, now regard the 
condition as carcinomatous from the outset, the condition apparently 
commencing as a slow-growing scirrhus cancer in the subjacent breast-* 
tissue, and interfering with the normal lymph-drainage of the nipple 
by permeation or secondary fibrosis of the sub-areolar lymphatic 
plexus. On naked-eye examination, the earliest stage of the disease 
resembles a condition of chronic eczema of the nipple, with the 
formation upon it of small, dry, greyish, scale-like crusts, around 
and subjacent to which the tissues appear red and inflamed. The 
process gradually spreads circumferentially, first to the areola, and 
• then to the adjacent skin of the breast. The surface becomes fissured 
and eroded, and bright red in colour. It may remain dry, scaly, 
and parchment-like; or, in other cases, there may be a viscid, 
clear -yellowish, or slightly -tflrbid, discharge. In the majority of his 
cases — ^to quote Paget’s own words ^ — ^the patch “ had the appearance 
of a florid, intensely red, raw surface, very finely granular, as if nearly 
the whole thickness of the epidermis were removed; like the surface of 
a very acute diffuse eczema, or like that of an acute balanitis. From 
such a surface, on the whole or greater part of the nipple and areola, 
there was always copious, clear, yellowish viscid exudation. The sensa- 
tions were commonly tingling, itching, and burning, but the malady was 
never attended by disturbance of the general health. I have not seen this 
form of eruption extend beyond the areola, and only once have seen it pass 
into a deeper ulceration of the skin, after the manner of a rodent ulcer. 

In some of the cases, the eruption has presented the characters of 
an ordinary chronic eczema, with minute vesications, succeeded by soft, 

^ The classification and descriptions ^opted in this section are based largely 
upon the work and writings of H. J. Stiles (see articles in The Encycldpced^ Medico, 
vol. vi^. Green & Sons, Edinburgh, 1901, p, 338, etc.). , 

* Sir James Paget, “ On Disease of the Mammary Areola preceding Cancer of 
the Mammary Gland^’ iSL Mosp, Beporis, 1874, Vol. X., p. 87. 
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moist, yellowish scabs or scales, and constant viscid exudation. In 
some it lias been like psoriasis, dry, with a few white scales, slowly 
desquamating ; and in both these forms, especially in the psoriasis, I have 
seen the eruption spreading far beyond the areola in widening circles, 
or, with scattered blotches of redness, covering nearly the whole breast/’ 
The nipple becomes indurated and retracted; and, later, as the 
process advances, it is destroyed. In the subjacent breast-tissue, there 
can generally be felt a hard mass of new growth, most commonly a slow- 
growing cancer of scirrhus type. This is usually palpable in from one to 
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layers of the epidermis, the presence of large, pale, rounded, or oval cells, 
with faintly staining protoplasm, and large, deeply-stained nucleus, usually 
single, but sometimes multiple — ^the so-called Paget-cclls {see fig. 420). In 
the nipple, there is a similar condition, and also malignant proliferation 
of the cells lining one or more of the ducts, a condition which can be 
traced inwards and found to be continuous with the subjacent mammary 
tumour, which is usually of the ordinary scirrhus type. Enlargement 
and malignant infiltration of the glands in the axilla complete the picture 
of a scirrhus tumour. 

•F.— OF THE BREAST (Corpus Mammae) : - 

CYSTS. — Galactoceles, or “ milk-cysts,” may occur during pregnancy, 
but are of commonest occurrence during lactation. They arc simply 
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retention-cysts, and are due to the usual causes, as in other glands, 
e.g. narrowing or obliteration of ducts or glaiid-acini by inflammatory 
changes, blocking by retained and inspissated secretion, etc. Multiple 
small cysts of siryilar origin are found in cases of clironic lobular mastitis 
{q, v., p. 936). Involution-cysts, due to distension of remnants' of the 
glandular tissue during the retrogressive changes in the organ at, or 
subsequent to, the menopause, are not infrequent. Parasitic cysts such as 
hydatids arc extremely uncommon, but definite cases have been described. 

SIMPLE TUMOURS.— Pure fibromata occur, but arc extremely 
rare. They exhibit the usual structure of similar tumours elsewhere. 
Lipomata,^ myxomata, pure chondromata, mixed cartilaginous tumours - 
(osteo-chondroma,^ chondro-myxoma, chondro-sarcoma, etc.), and 
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angiomata^ are likewise very uncommon, as are also pure adenomata of 
mammary gland-tissue. Fibro-adenomata, on the other hand, are common. 
Great variations are found in the relative amounts of the fibrous and 
glandular elements in such tumours, and also in their characters. Soft and 
hard varieties occur, the connective tissue in the former being abundant, 
highly cellular, and perhaps also myxomatous ; whilst, in the harder 
varieties, it is scanty and more fibrous. Hard fibro-adenomata are, as 
a rule, small and slow-growing ; whilst the softer varieties may be larger 
and ^though usually also of comparatively slow grow'^th — may sometimes 
grow more rapidly, especially on the occurrence of pregnancy. These 



Fia. 424 . — Comfiex AdeTboma [Papillary CyMadmoma) of Brcafii. The acini 
are dilated and shew jiumerous papilliform ingrowths y infoldings, x 50. 

tumours are definitely encapsuled, and do not infiltrate the surrounding 
tissues. On naked -eye section, the surface is dull white, or perhaps 
slightly pinkish in tint ; and the cut surface usually bulges — a point of 
some importance in contradistinction to the retracted concave appearance 
of the cut surface often seen in sections of scirrhus cancers of the breast. 
It is often extremely difficult, and sometimes well-nigh impossible, to 
differentiate certain examples of fibro-adenomata from chronic mastitis 
with overgrowth of connective-tissue and irritative proliferation of the 
enclosed epithelial spaces and ducts ; and it is very probable that many 
cases diagnosed as fibro-adenoma are in reality due to such chronic 
inflammatory proliferative changes. Cystic spaces may be developed 
in fibro-aSenomata, the resulting tumour being known as a cystic adenoma 


SPECIAL PATHOLOGY 


942 , 

or cyst-adenoma of the breast. If the epithelium lining these cystic 
spaces grows more rapidly than the supporting connective-tissue wall, 
ingrowths may occur which, in section, resemble papillomata. These are 
often highly complex or branching in structure, giving rise to a foliaceous 
appearance of the turnour on naked-eye section. Such tumours, in some 
cases, attain a very large size, and are known as proliferous cysts. Extensive 
hsemorrhage may occur into their interior ; their stroma is often myxo- 
matous ; and they may uifdergo extensive necrotic and ulcerative changes. 

Duct-Papillomata are adcno-papillomatous ingrowths — often highly 
complex in their structure — which develop and come to project from the 
walls of one of the milk-sinuses or larger ducts near the nipple. * The 
afEected channel becomes correspondingly dilated, the contained mass of 
tumour being usually extremely vascular, and dark red in colour, and 
frequently giving rise to haemorrhage, blood-stained fluid exuding from 
the nipple on squeezing. 


MALIGNANT TUMOURS. — Sarcomata are much rarer than carcino- 
*mAta, conj?lituting, according to Stiles,^ less than five per cent., and, 
according to Hodman,^ less than three per cent., of breast-tumours. 
They are of the spindle- or round-celled— -less commonly of the mixed- 
celled- — ^type. Melanotic tumours of the breast are secondary to tumours 
arising in the nipple, areola, or elsewhere. These types of sarcoma 
do not call for further description, as, with regard to their appear- 
ance, methods of sj)read, etc., they resemble similar tumours in other 
situations. 

Myxomatous degeneration may supervene in these tumours, as well 
as necrosis, luemorrhage, etc. 

Carcinoma is the commonest and most important neoplasm of the 
mammary gland. Its relative frequency is variously estimated by recent 
writers as about fifty to eighty per cent, of all breast-tumours. With 
regard to its sex-incidence, one per cent, or, at most, two per cent, of the 
cases of mammary (^ncer are in males. Women between forty and 
sixty — more particularly those between fifty-five and sixty— are most 
liable to the disease. We have already stated that, in our opinion, there 
is a definite causal relationship between so-called chronic proliferative or 
productive mastitis and the various types of cancer. In the great 
majority of cases, the cancer originates from the aciuous epithelium, 
the main pathological varieties of such tumours being the scirrhus, 
encephaloid, and colloid types ; whilst, in a certain proportion of cases, 
a glandular type of structure and arrangement in acinous spaces is 
maintained, the condition being then known as adeno-carcinoma. All 
intermediate forms between these main “types’’ may be found; 

1 Stiles, loc. ciL 

3 Kqditian, Diseases of the Breast, Appleton, London, 1908, p. 162 (2^8 per cent, 
of fiarcoina cases in a scries of 5,000 cases of tumour of the brqp»st). 
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and it is not uncommon to find different portions of an individual 
tumour exhibiting two or more — and even all — of these varieties of 
structure. Tumours which are typically scirrhus in their central or older 
portions, may be softer and more actively growing at their periphery, 
i.e, more encephaloid (or medullary) in type. Imperfect acinous spaces are 
of very common occurrence in certain parts of scirrhus and enc(*phaloid 
growths; whilst colloid degeneration, though comparatively rare, may 
supervene in any variety of carcinoma. Histological descriptions of 
these tumours will be found in the Chapter on Tumours (p. 328 el seq .) ; 
and reference need be made here only to certain facts more particularly 
appl?bable to such tumours when occurring in the breast. 



Fiq. 425 . — Scirrhus Cancer of Breast. Showing Rolid masses oC colls among dense filn^ouR 
tissue. (The clear spaces arc arlol’acts due to contraction during fixation.) x 200. 


The most important hialignant tumour of the t)reast is the scirrhus 
or hard variety of cancer (spheroidal-celled cancer). The ordinary 
nodular scirrhus tumour is a comparatively slow-growing neoplasm 
which may appear in any part of the organ. It is extremely dense, 
and, when palpated against the ribs, exhibits a “woodci],’' or almost 
“ stony,’’ hardnc?ss. The knife passes through it with a grating or 
creaking sensation, and the central, i. e, the oldest and densest, part 
of the cut surface, appears slightly concave, owing to the drag- 
ging of the contracted cicatrix-like fibrous tissue, which has a dull 
whitish appearance, sometimes mottled with yellowish areas of fatty 
degeneration. The spreading margin has a slightly more translucent, 
pearly white or, sometimes, greyish-pink appearance, and may show 
little red points of hsemorrhage. Such growths may be ‘‘ circumscribed 



944 SPECIAL PATHOLOGY 

or “nodular,” or they may be “diffuse”; though, in either case, they 
do not shew any encapsulation, but spread by irregular processes into the 
surrounding tissue. The nipple, if the tumour 
be situated at or near it, tends to be drawn up 
to a higher level than its fellow of the opposite 
side, and to be retracted or drawn backwards 
into the breast (see fig. 426). As the tumour 
spreads, it infiltrates the neighbouring struc- ^ 
tures — ^the adjacent breast-tissue, the para- 
mammary and retro-mammary fatty areolar 
tissue, and the subjacent pectoral fascia— piLshing 
its way gradually into these along the lymphatic 
spaces and channels. The superficial layers of the 
pectoralis major and other subjacent structures 
are, in time, likewise invaded ; and the infiltration 
may continue through the pectoralis major and 
come to involve the intercostals, ribs, pleura, 
anterior mediastinum, and lung. There may 
also be direct lymphatic spread to the liver. The 
overlying skin becomes invaded in the later or, in 
some instances, in comparatively early, stages of 
the condition. The spread takes place by way 
of the ligament'^ of Cooper, which pass from the 
skin into the breast. These become infiltrated 
and shortened, producing at first adhesion, then 
dimpling and puckering of the integument. The 
invaded area of skin may ultimately be destroyed 
by ulceration. At the same time, the cancer- 
cells spread, both continuously (by permeation) 
and also discontinuously (^. e. by a process 
FiQ. 42G.---6\irrhuii Tumour of malignant embolism), along the lymphatic 
tondrof’tumX"Sh which drain the breast area.i The 

radiating from the nipple, majority of these lymphatics run outwards and 
^SonSm't'rJte.l upwards, accompanying the external mammary 
with nitric acid (Stiles’s branches of the long thoracic artery, and opening 

appears dark, whilst the pectoral group of lymphatic glands 

surrounding fatty tis- lying along the latter artery toward the anterior 
j;Edinburgh University P^rt 01 the inner Wall of th6 axilla. Some of 
Anatomical Museum, the efferent lymphatics from the breast also 

R. f. iv. 10*) pierce the sternal portion of the pectoralis 

major muscle, along with blanches of the 
internal mammary, an4 of the pectoral and long thoracic branches of 

1 For detailed descriptions of the lymphatics of the breast etc., see papers by Stiles 
(locMt., and in BriL Med. Jowr., June 17, 1899, p. 1462, and Octobers, 1908, p. 971, 
anoSlB^where) ; Diseases of the Breast, by Rodman, Appleton, Londou, 1908, p. 10; 

of Advance in the Surgery of Breast Cancer,” by W. Sampson Handley. 
Brit. Med. Jmr., Jan. 8, 1921, p. 37. 
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Fia. 427 , — Infdtration of Pleura hy Scirrhus Tumour of Breast which hacl assumed^ a 
softer type. The majority of the tumour-cells contain cell-inclusions around which 
clear digestive vacuoles are developed. X 150. 



Fia. 428. — Tumour-Cells in Lymphatic Glands secondary to Mammary Scirrhus 
Cancer* These cWls are larger than in the primary growth in the breast, x 200. 

62 
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the axillaiy artery, and open into certain small lymphatic glands lying 
in the fascia on the deep aspect of the pectoralis major; whilst a few 
also open into the^ chain of sternal glands lying, within the chest-wall, 
along the course of the internal mammary. The infraclavicular, 
and certain other small, glands along the course of the superior thoracic 
artery may also be infected. Sampson Handley,^ from the investigation 
of post-matiem material collated with clinical experience, emphasises. the 
wide centrifugal spread breast-cancer in the fascial lymphatic plexus, 
and notes its microscopic growing edge at points far removed froni 
the breast : for example, in the deltoid region, or upper abdominal WalJ,. 
The disease spreads from the affected axillary glands ‘‘to ‘those 



li'KJ. 4120, — Scirrhus Cancer of Breast, Bhewing the elongated clusters 
of tumour-cells among dense fibrous tissue. X 75 . 

higher up in the axilla, and to the subclaV'ian and supraclavicular 
glands, etc.; and complications due to pressure upon, and involve- 
ment of, the axillary vessels and nerves may supervene. Lymphatic 
infection of the inner ends of the first, second and third intercostal 
spaces, etc., and of the anterior mediastinal glands, sometimes follow. 
Metastasis may also — ^usually late in the disease — ^takc place by the 
blood-vessels, and secondary growths occur in internal organs and else- 
where. Metastases in the bones, especially, it is said, of the cranium, 
vertebral bodies,^ innominates, femur, humerus, ribs, etc., are compara- 
' loc, cit. 

In a high percentage of their post-mortems upon cases of carcinoma of 
the breast, the authors have found such metastatic growths especially in the bodies 
of the dorsal and lumbar vertebrae. This is possibly accounted for by infection 
through lymphatics accompanying the intercostal vessels backward® towards the 
spine. ^ 
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lively common. Infection of the other breast may take place along the 
* intercommunicating lymphatics. 

Certain forms of scirrhus tumour of the breast are extremely slow- 
growing and chronic. These atrophic scirrhus tumours are usually small, 
extremely hard, and fibrous; and their appearance on section has, from 
the presence of the dense white fibrous tissue intermixed with small 
yellowish points of fatty degeneration, been likened to that of an unripe 
pear, processes and strands of the growth radiafing out into the adjoining 
tissues. On microscopical examination, the tumour-cells are scanty and 
degenerated , and are seen usually as small, compressed, elongated clusters, 
einbeddecl in the dense fibrous tissue. 

In some cases, these atrophic scirrhus tumours are dilluse, the whole 
breast being infiltrated and shrunken, and the nipple retracted and 
drawn upwards. Occasionally, the skin, not only of the breast itself, 
but of the surrounding thorax, etc., may bo difiusely infiltrated — ^thc 
so-calledf cancer “ en cuirasse.” 

Encephaloid, Medullary, or Soft Cancer. — These are rapidly-growing 
tumours, to which the above names have been applied on ^iccount-of’ 
their soft consistence. Other malignant tumours of the breast [e.g. 
sarcomas and adcTio-carcinomas), however, resemble them so closely in 
naked-eye appearance that some writers object to these terms, and prefer 
to call them Acute Cancers.” They are extremely cellular, the cells 
being usually very irregular in size, and arranged in large solid clumps or 
masses embedded in a scanty connective-tissue stroma. Th(^>y form large, 
soft, bulging, more or less circumscribed, masses, the so-called tuberous ” 

• form ; or they may be large, diffuse, tumours, f apidly infiltrating the breast 
and surrounding tissues — “ acute diffuse cancer.” In both these varieties, 
the axillary glands are involved early, and metastases m other organs 
rapidly supervene. 

Colloid or Mucoid Cancer is a slow-growing and comparatively non- 
malignant tumour, constituting from one to two per cent, of breast- 
cancers. Its characters ate described in the Chaptei^ on Tumours (p. 334) . 

Malignant Adenoma, including the so-called Duct-Cancers and the 
Adeno-carcinoma of Halsted. — Duct-Cancers proper are slow^-growing 
and comparatively circumscribed tumours, consisting of tubular spaces 
lined by a single layer of columnar epithelium, or by several epithelial 
layers, the outerpaost of which is columnar. In some instances, these 
spaces become dilated to form cysts, perhaps with papillary ingrow^ths ; 
though, sometimes, the lumen may be almost obliterated by the cellular 
proliferation. From the character of their epithelium, they are supposed 
to arise from the ducts. 

Other tumours, which, from their association with the ducts of the 
organ, are sometimes included as “duct-cancers,” have already been 
described, f . g. the carcinoma developing in Paget’s disease of the nipple, • 
which is usually an ordinary scirrhus cancer : and the adeno-papillomatous 
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ingrowths projecting into the lactiferous duct^ and cystic dilatations 
formed from these. These adeno-papillomata are probably simple * 
tumourSf and therefore need not be further discussed here, 

Adeno-carcinoma of Halsted,^ — ^Halsted records the occurrence of 
five (possibly six) cases of this condition in a series of less than 150 cases 
of breast-cancer; and many other authorities (Stiles, Rodman, etc.) 
follow him in recognising the condition as a special type of tumour. 
On naked-eye examinatioif, the tumours were large, soft, tuberous masses, 
with a tendency towards fungation or pedunculation (i. e, some con- 
striction at the base of the tumour), necrosis, and ulceration. On section, 
they resembled encephaloid cancers ; but an important point of ttifferehce 
between these two conditions was the non-involvement of the axillary 
glands in all of Halsted’s cases — ^recovery following extirpation of the 
tumours, though these were of large dimensions-— the axillary glands 
merely exhibiting ejidothelial hyperplasia. 

On microscopical examination, these tumours are composed* of very 
large tubules lined by epithelium many cells deep ; and, in such a section, 
•the cells have a tendency to form combinations such as — 

“ gland-like figures, circles, tubes, columns, and minute papillae. The cells 
are often so snugly fitted together in these heavily-lined tubes ... as to 
conceal the original figures; but almost always, even when the tubes are 
completely filled with tightly-packed cells, one can detect little circles of cells 
or little tubes which betray the tendency and the ability which the cells still 
have to form definite combinations.” ^ 

Occasionally, this form is ^found intermingled with arenas of a more 
encephaloid or of a more scirrhus type. 

For an account of the important internal secretions of the female generat- 
ive organs, including the breast and the placenta, reference should be made 
to Schafer’s work on T/ie Endocrine Organs^ Longmans, Green &; Co., 
London, 1916. 

^ Halsted, “ A Clinical and Histological Study of certain Adeno -Carcinomata of 
the Breast,” Anmils of S^urgery, Vol. XXVIII., July-Pecember, 1898, p. 6.57. 

® Halsted, loc. cil.f p. 562. 



CHAPTEll XXIV 

DISEASES OF THE NERVOUS SYSTEM 

• • • 

It would be obviously impossible, within the limits of this textbook, 
to deal at all adequately with the pathology of the whole of the diseases 
of the nervous system. We therefore propose discussing only those 
diseases which are of comparatively common occurrence, and the 
pathology of which is more or less definitely established. 


DISEASES OF THE BRAIN AND ITS MEMBRANES * 

The dura-mater forms the periosteum for the inner surface of the cranial 
bones and a definite connective-tissue membrane, in which the brain and 
s})inal cord are enclosed. In this membrane, which is lined on its inner side 
with a single layer of endothelium, there is a vascular capillary network. 

The pia-arachnoid covers the surface of the brain and cord, its deep layer 
following the various irregularities of , and being closely connected with, these 
surfaces. Between the dura and the pia-arachnoid, the subdural space forms 
a barrier, as it were, to the spread of inflammations from without or from 
within. 

In the sulci between the convolutions, there is a loose connective tissue 
with many irregular channels in it- these channels coiivStituting the sub- 
arachnoid space. Through the great transverse fissure, the pia-mater, with its 
contained vessels, is prolonged into the lateral ventricles, as the velum 
interpositum and the two choroid plexuses. Thus, there is a direct com- 
munication between the external covering of the brain and the internal 
ependymal lining of the v^entricles. • 

There is also a communication between the ventricles of the brain and the 
sub-arachnoid S2)ace through the foramen of Magendie, and the foramina of 
Luschke, which arc situated in the pial roof of tlic fourth ventricle. Thus, the 
sub-arachnoid space, the ventricles of the brain, and the canal of the spinal 
cord, form a directly continuous system of lymph-spaces in which the cerebro- 
spinal fluid circulp-tcs ; but there is no similar direct communication between 
this system and the subdural space. 

1. DISEASES OF THE MEMBRANES 
CONGENITAL ABNORMALITIES, e,g. Meningoceles, etc. {see p. 965). 

DEGENERATIVE CHANGES, of the nature of fibrous-tissue over- 
growth, associated frequently with thickening of the skull, and forming 
adhesions between the dura and the bone or between the pia and the dura, 
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and followed sometimes by calcification producing definite plaques, are 
seen in the dura- and in the pia-mater in old people, in the insane, and 
in alcoholics. 

Sometimes, the thickening, particularly of the pia-arachnoid, IS 
widely spread; or localised fibrous areas, especially at the points of 
intersection of the sulci, arc produced, and may be mistaken for 
tubercle-granulations. If examined closely, however, their edges are 
seen to be rather indefiitite, merging more or less gradually into the 
surrounding tissue. When distributed in a more patchy manner, they 
resemble the cloudy appearance of early purulent meningitis, but, 
usually, can be distinguished from the latter by their more peaily \t^hite 
lustre. In chronic forms of insanity, especially paralytic dementia, 
there is generally thickening of, and adhesions between, the membranes 
themselves, and also between the membranes and the cortex. The 
ependyma of the ventricles is thickened, and there may be papillary 
overgrowths into the cavities. The choroid plexuses may ako shew 
chronic thickening, and an accumulation of ‘‘ brain-sand.” 

• *Thc Pacchionian bodies, which are villous projections of the arachnoid, 
and the functions of which are not definitely Icnown — ^though some authors 
consider that they arc concerned in the lymph-return from the brain — 
are often more numerous than normal, and sometimes project into the 
wall of the su])eri()r longitudinal sinus. 

THROMBOSIS OF THE CEREBRAL SINUSES, whi(;h frequently 
arises from disease of the dura-mater, may be “ simple ” or septic. The 
thrombi may arise as a sequel of acute fevers, in wasting diseases (“ maran- 
tic ” thrombi), or in certain blood -diseases, and are found in the superior . 
longitudinal sinus, commencing at the anterior part and spreading 
backwards as far as the torcular,in the lateral sinuses and in the cavernous 
and circular sinuses. In the two latter positions, however, the thrombi 
are generally the result of pressure on the sinuses by tumours of the 
pituitary body or of the sella turcica, or of syphilitic disease of that part 
of the dura-mater forming the walls of the sinuset^. In the lateral sinuses, 
the thrombi are most commonly septic, and arise usually by the spread — 
directly through the bone or by way of the petrosal sinus — of infective 
material from the middle ear, with or without necrosis of its bony roof. 
From the lateral sinus, the condition may spread down the internal 
jugular vein. Thrombosis of the straight sinus and of tjie veins of Galen 
is of considerable importance, from the fact that, by these channels, blood 
is returned from the interior of the brain and the basal ganghonic region. 
The thrombi may also result from traumatism. 

If the thrombus is non-septic, it may produce venous cbngestion and 
rupture of small vessels on the surface of the brain, thus giving rise to 
haemorrhages , If, however, it is septic, the clot may become softened 
»and fragmented, the walls of the sinuses be destroyed, suppuration 
i^Up^ene, and pyeerma result. 
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MENINGEAL HEMORRHAGE 

1. Pachymeningitis Hsemorrhagica. — This lesion is seen as a mass of 
blood-clot more or less adherent to the inner surface of the dura, and 
covered, on its inner surface, by a thin membrane. This membrane is 
generally of a brownish colour — evidently from the presence of the colour- 
ing matter of the blood — and extends, as a thin soft layer, to the surface 
of the dura, with which it is continuous beyoAd the clot. 

By many authors, this disease is said to commence as a slowly -develop- 
ing inflammation of the dura-mater, characterised by hyperaemia. A soft 
meiflbrafte, containing spindle-shaped and stellate cells, and having 
large thin -walled vessels, is formed ; and, from these vessels, haemorrhage 
occurs into the membrane. Some Avriters, however— and Aviih these we 
agree — ^maintain that haemorrhage into the dura, or, more usually, into 
the subdural space, is the primary coifdition, and that the membrane is 
a later production, arising by proliferation of the endothelial lining of the 
dura-mater — a process analogous to that seen in the isolation of thrombi 
in vessels. From the dura-mater, vessels, accompanied by^connectivcT 
tissue corpuscles, pass into the clot, and organisation takes place — ^thc 
whole being eventually converted into fibious tissue, Avhich coalesces 
with the dura-mater. During the early stages of this process of organisa- 
tion, the young vessels may become dilated and may rupture, and thus 
fresh haemorrhages may occur. The stellate and other cells which arc 
seen in the clot are the cells of the organisnig tissue. 

Recurreiit attacks of the disease are commoi, and thus several layers, 
in diflerent stages of transformation, may be found at one time, and a 
laminated cystic condition be produced. 

The haemorrhage may be traumatic in origin, atid secondary to 
vascular or other degenerations in some forms of insanity, epilepsy, and 
in chronic alcoholism ; or it may be found in such diseases independently 
of traumatism. It is usually confined to the dura over the convexity 
of the brain. , ^ 

2. Haemorrhage into and on the Membranes. — Haemorrhages in the 
membranes of the brain, as primary conditions, are of minor injportance. 
In acute meningitis, in septicaemia, in scurvy, etc., small haemorrhages 
take place into any of the membranes ; whilst, in anthrax, the brain 
may exhibit no^ conspicuous lesion, or there may be extensive haemo- 
rrhages into.its substance or in the membranes.’’ ^ Injuries of the skull, 
or injuries and haemorrhages of the brain, sometimes secondarily involve 
the membranes, and give rise to haemorrhages into them. In such cases, 
blood may be found between the skull and the dura-mater, in the subdural, 
or in the subarachnoid, space. These haemorrhages may be caused by 
penetrating wounds of the skull; by simple contusions of the skull, 

1 Spear* and Greenfield, “ Woolsorters’ Disease,” Local Government Board 
Medical Officer's Rej^rt, 1880, Appendix A, No. 8, p. 77, 
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and are found in cases of concussion due to the bursting of shells 
and other forms of explosives without any external wound. Such 
hasmorrhages may be extra-dural, or in the sub-arachnoid space. Similar 
haemorrhages are found in some cases of tuberculous, and of cerebro- 
spinal, meningitis. 

INFLAMMATION— MENINGITIS 

1. PACHYMENINGITIS. — ^The inflammarions of the dura-mater are 
usually secondary to injury or disease of the sinuses or of the bones of the 
skull. Thus, they may be caused by traumatism, by tumours gro\^ng 
from the bones of the skull or invading the cranial cavity by*^ perfora- 
tion of the bones or by passage through the foramina, by gummata of 
the skull as well as of the dura itself, and by suppuration extending from 
the bones of the middle ear either directly or by way of the lateral 
sinuses. Caries or necrosis of bone,* the result of tuberculosis or of syphilis, 
may also give rise to inflammation ; and syphilitic meningitis' occurs 
without gummata and without necrosis of bone 

. ^Effects pf Septic Pachymeningitis. — ^When the outer part of the dura 
alone is affected, the membrane is swollen and dark red or greenish 
in colour, and may become separated from the bone by extra-dural 
collections of pus. On the inner surface, there may be a thin layer of 
greenish-yellow lymph. When the disease has reached the inner surface 
of the membrane, the spread is more rapid and more extensive. 
The pia-arachnoid is usually affected, and purulent effusion is present 
in the subdural and the sub-arachnoid spaces in the meshes of the 
pia-arachnoid and in the* sulci. Granulation-tissue is developed, 
and adhesions may form between the pia-arachnoid and the dura. 

2. LEPTOMENINGITIS, or Inflammation of the Pia-arachnoid. — The 
term meningitis, in its ordinary use, is often applied to inflammatory 
changes in the pia-arachnoid, probably because leptomeningitis is far 
commoner than are inflammatory affections of the dura. 

etiology. — ^Leptonjeningitis may occur as a primary infection, though 
the channels by which the infective material gains entrance are often 
obscure ; but, in many oases, the blood-stream must be regarded as the 
principal carrier. Other routes of infection, however, are the lymphatic 
channels and the lymphatic spaces in the areolar tissue. Direct entrance 
from the ear, or from the nasal cavity and its accessory sinuses, is 
probably a not uncommon means of infection. The condition may 
occur also as a direct spread from inflammatory foci in the dura- 
mater or from the brain itself, as in “ epidemic encephalitis ” ; it may 
arise, either primarily or secondarily, in the acute infective diseases, 
e,ff. in influemsa, in pneumonia, and as a sequel of measles, whooping 
typhoid fever, etc., or during an attack of acute rheumatism, 
i||^‘Bright’8 dijj^ease, or in the course of any form of tubercplosis. It 
been described by some authors as occurring ip mumps, but it 
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should always be remembered that meningeal irritation, giving rise to 
symptoms very closely simulating, if not identical v/ith, those of mening- 
itis, is not uncommon in pneumonia, measles, mumps and other diseases, 
without any cytological or bacteriological evidence of meningitis. This 
condition is now usually called ‘‘ Meningismus,” The commoner causal 
organisms of meningitis are Pneumococdy Streftococci, Staphylococci ^ 
Meningococci, B. pneumonice, B. typhosus^ B. injluenztv, B, tuberculosis, etc. 
Certain ZepfoiAnx-like forms have also been isblated in a few cases ; and 
one of the authors (W. E. C. D.) has isolated B, paratyphosus B. in three 
cases of suppurative meningitis in young children. 

* ]Pathdlogical Anatomy. — Excluding, for the present, the specific cases 
due to Meningococcus and B. tuberculosis, which will be described 
separately, leptomeningitis, in the early stages, gives rise to a^msy- 
rcd colouration of the pia-arachnoid. The vessels are much distended, 
and there may be haemorrhages. Later, a slightly turbid inflammatory 
exudat^,*^ which is generally bilateral and often symmetrical, is seen, 
especially along the lines of the vessels. This fills up the sulci 
and obscures the convolutions, and, later, may shew ae a thick, 
somewhat gelatinous layer on the surface of the brain. The exudate 
may become purulent, and, in severe cases, the sub-arachnoid space is 
filled with pus. The cerebro-spinal fluid is increased in amount, turbid, 
and even purulent. The cortex shews marked hypersemia, and this 
inflammatory hypersemic condition sometimes spreads inwards along 
the superficial vessels, constituting an encephalitis. Occasionally, large 
areas of softening or small abscesses are found in the substance of the 
brain. On microscopical examination, the ‘softened areas of inflamed 
brain-substance shew dilatation of the minute vessels, and early 
degenerative changes in various nerve-cells. 

The meningitis may be localised or diffuse, and attempts have been 
made to classify the various forms according to their situation, and by 
the character of the exudate. Thus, it is claimed that the exudate in 
pneumococcal infection is ^Wc^ viscid, and greenkh in tint; while that 
due to the Streptococci, the Staphylococci, etc., is more fluid or serous, and 
paler in colour. Again, it is said that the pus is most marked at the base 
of the brain in thpse cases which are secondary to diseases of the middle 
ear, etc., or where the inflammatory process has spread upwards from the 
spinal cord ; while, in those in which the infection is carried by the blood, 
the exudate. 18 most marked at the vertex. Though these differences 
are presenl^n ceHam cases^ ani may be useful as rough guides in post- 
mortem diagnosis, too much reliance must not be placed on them. 

3 . EPIDEMIC CEREBRO-SPINAL MENINGITIS.— This form of 
meningitis ojccurs generally in epidemic form, but sporadic cases are not 
uncommon. The disease has been of frequent occurrence among young 
recruits a]jd seems to be associated especially with overcrowding, e, g, on* 
board transports,^ in barracks, and in crowded camps. The organism 
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concerned is Meningococcus or Diplococcus ifitTOCclluloTis mcuingitidts 
(Weicbselbauw ). This organism, which is most commonly intracellular, 
is found in the cerebro-spinal fluid, and one of the authors has found 
them in large numbers in the intraventricular fluid. At least four types 
of the organism, differing slightly from one another in their immuno- 
logical characters, have been described. It is found, in some cases, in 
the peripheral blood, and, more rarely, in the urine and other situations 
such as fluid from jointS, discharge from the ear, sputum in cases of 
broncho-pneumonia, etc. The organism is found in the naso-pharynx in 
some apparently healthy people, in those who have been in close 
contact with definite cases, and in patients who are suffering ‘from ihe 
disease. Among these, a certain proportion are “ carriers,” and it is 
sometimes very difficult to get rid of the organism, partly owing to 
pathological changes in the naso-phar^uix. (These changes arc referred to 
under the Respiratory System, p* 662.) 

The pia-arachnoid, in the early stages of the diseas(S shews t^vidence 
of hyperjnmia and serous e.\udation with the presence of a few leucocytes 
and red corpuscles ; but later, if the patient survives, the exudate becomes 
purulent, and the pathological picture resembles that seen in pneumo- 
coccal and other forms of kptomeningitis. The exudate is found in the 
sub-arachnoid space, especially in the sulci between the convolutions on 
the upper surface of the cerebrum, in the fissure of Sylvius, and on the 
surface of the pons and medulla, and the upper surface of the cerebellum, 
though usually it is most marked at the base posteriorly. According to 
Stuart McDonald, ^ the exudate specially accumulates in the posterior 
arachnoid cistern . Most authors state that, very frequently, t he infection, 
even in the early stage, spreads along the prolongations of the pia- 
arachnoid into the ventricles.^ Accumulations of serous fluid, with inflam- 
matory cells and miriierous cocci, occur, giving rise to hydrocephalus, this, 
no doubt, being also due, in part , to an hiterference with the drainage by 
the various openings which normally establish communication between the 
lateral ventricle and the general sub-arachnoid jipace. The brain-tissue 
forming the walls of the ventricles, as well as that of the surface, becomes 
injected, oedematous and even infiltrated with inflammatory products 
(acute encephalitis). Haemorrhages may occur into th^ brain-substance, 
and, in some cases, the cerebro-spinal fluid consists of almost pure blood 
and contains very few inflammatory cells. An acute leptomeningitis, of 
the spinal membranes is present, and a diagnosis may genei;ally be made 
during life by finding the characteristic organism in the cerebro-spinal fluid 
obtained by lumbar puncture. Hepes is common on the lips, and a 
haemorrhagic petechial rash is frequently present. The haemorrhages may 

^ Stuart McDonald, ^*Tiie Pathology of Epidemic Cerebro-Spinal Meningitis,” 
Review of Newrohgy and Psychiatry, Aug. and Sept. 1907, p. 610. “ . ^ 

^ * One of the authors (W.E.C.D.) is strongly of opinion that the direction of this 

spread is frequently, if ?iot almost always, in the .opposite direction, i.*e. from the 
ventricles outwards to the surface [see p. 955). ^ 
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be only few in number, or very wide-spread and very numerous. In 
some cases, the subcutaneous haemorrhages are of large size. Pleurisy, 
pericarditis, and parotitis are not uncommon as complications. Pneu- 
monia, either of lobar, or of broncho-pneumonic, type, may occur in 
association with this form of meningitis. Arthritis, with a serous or a 
purulent exudate, is common, and some of the cranial nerves are not in- 
frequently involved directly in the inflammatory process. Of these, the 
optic nerve, is perhaps the most commonly afEt*eted, with resulting acute 
papillitis or optic neuritis. The tliird, and, occasionally, the sixth, nerve 
is involved. The inflammation may spread directly into the eye along the 
piff-fft*aclAioid of the optic nerve, causing choroido-iritis or keratitis, and, in 
sonie cases, an inflammatory affection of i-he fifth nerve causes keratitis and 
purulent conjunctivitis. Deafness is not uncommon, aiid, in most cases, is 
due to inflammation of the labyrinth or of the eighth nerve in the internal 
auditory meatus. Later, otitis media *and involvement of the mastoid 
cells may occur. According to some observers, the spinal infection 
is sometimes a sequel of the severe enteritis which has been described in 
some of the cases— -tlie infection passing to the spinal coi;^ by \giy 
of the lymphatics. We have never seen any evidence of this. 

From the post-morlem examination of over a hundred fatal cases of 
cercbro-spinal meningitis occurring during the war, Carnegie Dickson 
found that the ventricular system isthesiteof acute inflammatory changes 
—often as, or even more, marked than those in the meninges. Turbid fluid 
containing large numbers of inflammatory cells was present in every case, 
in varying amoxmt, according to the degree of acute inflammatory hydro- 
cephalus. There was usually a copious deposit of somewhat soft fibrino- 
purulent material upon the ventricular walls, especially in the more 
dependent parts, such as in the horns of the lateral ventricles and in the 
third ventricle and infundibulum, the latter as well as the former cavities 
generally shewing distension. The ependymal lining of the whole chain of 
ventricles sh(‘wed swelling, and there was commonly softening of the neigh- 
bouring brain-tissue — aij acute eucephalitis ofteg with haemorrhages, 
generally small or petechial, but not infrequently considerable in size, and 
sometimes so extensive, as to bring about ploughing up of the cerelual 
substance. In some cases, the blood burst into the ventricles and 
extended down into the membranes of the cord, and was diagnosed during 
life by lumbar puncture. Periventricular encephalitis appears to be one 
of the most important factors leading to a fatal issue, especially where it 
involves the structures in the floor of the fourth ventricle. From his 
examination of this series, Carnegie Dickson is of opinion that, in these 
fatal cases at all events, although it is difficult by post-mortem evidence 
alone to be certain of the direction of spread, the infection of the ventricles 
had usually preceded that of the meninges, the organisms having been 
carried from "the fiaso-pharynx or accessory nasal sinuses, to the choroid • 
plexuses by the blood-stream, and setting up an endo-ventriculitis or 
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ependyttUtiSs In very acute cases, with a rapidly fatal issue, the ventricular 
inOammation was usually more obvious than that of the meninges, which 
sometimes shewed no naked-eye changes beyond acute congestion. 

In practically all cases, meningococci were more numerous in the 
ventricular, than in the spinal, fluid, and were present sometimes in large 
numbers in the former in cases where they could not be detected in the 
lumbar-pimcture fluid." From the ventricles, the infection appears to. 
spread to the surface of the brain especially at three points, viz. ; 
(1) through the thinned and inflamed floor of the third ventricle and in- 
fundibulum, and so comes to be specially abundant in the cistema basalis 
round the pituitary stalk, from the optic commissure in froi^t td the 
crura and pons posteriorly ; (2) through the pial roof of the fourth ventricle 
and its foramina, to the surface of the medulla and under aspect of the 
cerebellum, etc.; and (3) backwards, through the great transverse Assure, 
to the central lobe and culmen of the cerebellum and the neighbouring 
parts, and sometimes through the valve of Vieusseiis or superior ratedullary 
velum . The surface exudate is usually found especially over these three 
ar«as. From these it may spread and coalesce, giving the typical 
■“ basal ’’ or rather “ post-basal ” distribution, and, later, it extends down 
the cord, and, to a varying degree, over the surface of the cerebellum and 
cerebrum. The exudate appears to be very much less liable to spread 
forwards over the cribriform plates of the ethmoid, round the olfactory 
tracts and bulbs, a point which appears to militate against the view, 
put forward by some, that the infection spreads to the brain through 
the roof of the nose and cribriform plate. In three cases in which the 
ventricles were tapped during life, the ventricular fluid was found to , 
contain more inflammatory cells and meningococci than the lumbar- 
puncture fluid — ^in two of these, and in a number of the fost-mortem cases, 
the organisms were so numerous as to resemble a “ cultural ” growth. 
In some cases, this ventricular infection seems to persist after the 
surface condition has cleared up under serum-treatment, a fatal issue 
may occur, the cord may be found “ clean ” at the post-mortem. 
In other cases which have cleared up, but in which the foramina in the 
pial roof of the fourth ventricle have become blocked, a non-inflammatory 
or retention -hydrocephalus may ultimately supervene and cause death. 
Another phenomenon which aids mechanically in the production of 
hydrocephalus is the pushing down of the medulla ^nd the adjacent 
portions of the cerebellum into the foramen magnum, coippressing the 
foramina in the pial roof of the fourth ventricle, and preventing the egress 
of fluid even when these foramina are not blocked by exudate. Such 
driving down of these structures into the foramen magnum, like a cork 
into the neck of a bottle, may be produced both by the congestion and 
swelling^pf the^.5^^ and by the accumulation^ of fluid in 

veh^des, i, e, this condition and the hydrocephalus, however produced, 
Aggravate one another. 
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4. POSTERIOR BASAL MENINGITIS. — ^In this condition, the exudate, 
though sometimes extending to the vertex of the brain, is usually confined 
to, and always most marked at, the base. The exudate is more or less 
gelatinous, and-is often most marked in the posterior arachnoid cistern. 
In the spinal cord, all degrees in a purulent leptomeningitis are met with. 
It is said that the onset of the disease is not so sudden as is that of the 
epidemic cases, and its duration is more protracted ; yet acute, rapidly 
fatal, and epidemic cases of posterior basal meningitis occur. A diplo- 
coccus, which he considers specific for this disease, has been described 
by Still; but, by most authorities, this organism is regarded as merely 
a modification of the Diplococcm intmcellularis memngilidds. Work by 
Gordon and others has shewn that, as has been pointed out on p. 951, 
at least four types of Meningococci can be identified by serological 
reactions, and that, among these, there are distinct variations in regard to 
virulence. In our view, posterior basal and epidemic cerebro-spinal 
meningitis are merely varieties of the same disease, the difference depend- 
ing, in part at any rate, on a variation in virulence of the Meningococcus. 
Much evidence has been recently brought forward in sup|iort of each 
view, but, as this is concerned almost wholly with the bacteriology of 
the conditions, we do not propose to discuss it here. 

6. TUBERCULOUS MENINGITIS is very common, and, though seen 
most usually in children and young adults, it may occur at any age. In the 
vast majority of cases, the inflammatory process — ^within the skull, at all 
events^ — first becomes evident at the base of the brain. In the early stages, 
the exudate is limited to the interpeduncular space and the area around 
it, but, eventually, it spreads to part.sin continuity with these — backwards 
over the upper surface of the cerebellum : laterally along the Sylvian 
fissures : and forwards between the hemispheres and over the corpus 
callosum : and also into the substance of the brain along the connective- 
tissue sheaths of the vessels at the perforated spots. Thus, the condition 
may involve a very considerable surface area of the brain, extending 
even to the vertex. In ^e early stages, the exudaiie may be only slightly 
turbid and opaque, but, later, it becomes somewhat yellowish or greenish 
in colour. It is never definitely purulent. Tubercle -granulations are 
present in the membranes, but, in early cases, they may be so minute 
as to be almost invisible to the naked eye. Sometimes, they are better 
seen along the vessels in the Sylvian fissures and along the arterial branches 
which have ontered the brain-substance at the perforated spots,' than at 
the base, but, in all doubtful cases, the membrane should be viewed 
under a low power of the microscope. 

On examining the brain post mortem the conyolutiorijS ,.ai:c .usually 
flatl^eu^, and the pia-arachnoid is somewhat dry and gla^ied . The exudate 
and the minute tubercle-granulations, already referred to, may be seen, ' 
On making a section of the brain, the ventricles are found to be distended * 
with a clear or, usually, a somewhat turbid fluid, the amoiiut of 
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distension varying greatly, and being most evident in the lateral ventricles, 
round which the brain -tissue is softened. This softening may extend 
somewhat deeply, and is probably a result of maceration by the 
accumulated fluid, or of obstruction to the vascular supply by pres- 
sure. The choroid plexuses contain tubercle-granulations. A diffuse 
encephalitis, sometimes of a haemorrhagic nature, may be associated 
with the tuberculous meningitis. The appearances at the base of the 
brain have been describ(?d. The exudate may surround the nerves at 
tlie base of the brain and give rise to neuritis. 

The pia-matcr of the spinal cord is very commonly affected, and, in 
our experience, it is exceptional to find a tuberculous meningitis which 
does not affect both the brain and the cord. In the majority of cases, 
according to Greenfield, the cervical legion of the spinal cord is 
first alTected, possibly by way of the lymphatics from the thorax or 
abdomen — the condition then spreading both upwards and down- 
wards, and, in its upward spread, extending along the '"medulla 
oblongata to the base of the brain. In many of the cases which wc 
have examined, the process was n)ost advanced at the cervical region of 
the cord, and wc think that, in a large number of cases at all (‘vents, 
tln‘m is a considerable amount of evidence to support; Greenfield’s view. 
The fluid in the ventricles may be very considerable in amount, and 
give rise to acute hydrocephalus. In most cases, tliis accumulation is 
due to an occlusion of the communications between the ventricular 
system and the subarachnoid space by the inflammat;ory changes in the 
region of the fourth v(mtricle; but it is also sometimes produced by an 
extension of the inflammatory processes along the choroid plexuses. * 

Microscopical examination of the exudate shews that, in most cases, 
the cells present arc mainly mononucleated — ^lymphocytes, or cells of the 
lympliocyte-type. In some cases, how^ever, and especially in those whicJi 
run a very acute course, considerable numbers of polymorphonuclear 
leucocytes are found. B, tuberculosis may be present in very small 
numbers and may lue discovered only after prolonged search. Poly- 
niorphonucilcar leucocytes are a marked feature in some cases rc- 
(‘xamined a day or two after the pn^vious withdraw^al of cerebro- 
spinal fluid. Th(‘. appearance of large numbers of polymorphs is also 
apparently an almost constant feature in those cases of tuberculous men- 
ingitis which have been erroneously diagnosed as ceuebro-spinal fever, 
and into the spinal theca of which anti-meningococcic serum has been 
injected — a similar phenomenon occurring from the intrathecal injection 
of anti-nieningococcal serum into cases of cerebro-spinal syphilis. The 
cell-picture so produced by such injection of serum into tuberculous or 
syphilitic meninges may, therefore, closely simulate, and be mistaken for, 
that of true acute cerebro-spiiial meningitis. Meningococci^ however, will 
.necessarily be absent. Lymphocytosis in the cerebro-spinal flipd suggests 
tuberculous meningitis but meningeal s3rfhptoms oi;^ actual meningitis 
may occur in mumps, in measles, in syplulis, etc., and, in these conditions, 
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lymphocytosis is also a marked feature. Lymphocytosis is also seen 
in general paralysis of the insane, which is now regarded as syphilitic in 
origin, and in other manifestations of disease of the brain and membranes. 

Tuberculous masses or nodules in the brain-substance are found 
in some cases of tuberculous meningitis, but these will be referred to 
under Tuberculosis of the Brain (p. 985). 

. Methods of infection. — The disease is frequently part of a general 
tuberculosis, the primary seat of infection bei-?ig, in many cases, in the 
bronchial, cervical, or mesenteric glands, and the infective material 
passing to the meninges by way of the lymph- or the blood-stream. 

the infection may start from a local tuberculosis of the brain, 
as, for example, a tuberculous nodule; or spread from tuberculosis 
of some of the bones of the skull or of the vertebral column. A 
tuberculous focus in any part of the body is a possible sour(*.e of 
tuberculous meningitis. 

SYPHILITIC DISEASE frequently attacks the membranes of the 
brain, either directlj^ or by extension from disease of the bpnes of the 
cranium. The dura-mater is most commonly involved, and, iji this 
membrane, the disease manifests itself cither as a meningitis^ or as 
an arteritis, or in llie form of gummata. 

1. Meningitis may affect the dura at any part, and give rise t o wide- 
spread thickening of the membrane. The thickened area, which is fibro- 
(jellular in its character, gradually grows by extension inwards, ami, 
eventually, dura and pia become adherent. At the base, these changes 
sometimes cause compression of the nerves and vessels, especially wliere 
t hey enter or leave the various foramina, wliich liavo become narrowed 
by the thickening of the dura lining them. Optic neuritis, paralysis of 
the third, of the sixth, and, more rarely, of other, cranial nerves, headache, 
vertigo, etc., may be present as a result of the infiltration and com- 
pression of the various nerves, vessels, etc., by the newly-formed tissue. 

2. Arteritis. — ^Endartpritis or periarteritis nia^^ occur, especially in 
the basilar artery and its branches. The middle cerebral is sometimes 
affected, and a wide-spread change, affecting many of the smaller arteries 
is frequently seen. The large vessels shew mainly the condition of end- 
arteritis deformans (atheroma) : the smaller ones, endarteritis proliferans 
and periarteritis. In rare instances, there is development of discrete 
nodules along the arteries (nodose periarteritis i) or even along the veins. 

3. Gummata may develop in the dura at any point, but arc commonest 
towards the vertex. They, too, press upon, and infiltrate, nerves and 
vessels, and, by pressure on, and invasion of, the cranial bones, cause 
erosion, or even extensive necrosis. 

The pia-mater may be affected by direct extension from syphilis of 

1 Alexaiyier Bruce, “ Nodose Periarteritis," Trcmsactions of Edinburgh Medico* 
Chirurgical Society ^ 1893, vol. xfii., p. 190; and Carnegie Dickson, “Polyarteritis, 
Acuta Nodosa and Periarteritis Nodosa,” Joixr. Eath. and Bact, London, 1907, 
vol. xii., p. 31. 
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the dura, the lesion presenting itself as a dlffus6 meningitis or as an arteritis. 
Primary syphilitic meningitis, arteritis, and gummatous formation, some- 
times in the form of miliary gummata, are found in the pia. The 
cerebrospinal fluid shews generally a lymphocytosis and an increase 
i/i protein, and may give a positive Wasscmiann reaction, 

TUMOURS OP THE MENINGES 

Fibromas, Chondromas, Angiomas, Psammomas, Osteomas, Lipomas, 
Sarcomas, and Endotheliomas or Mesotheliomas, are described. 

The endo* or meso-theliomas most commonly arise in the pia-mater, 
and may sometimes be associated with endotheliomas of bone. ^ 'Ifhe 
sarcomas, especially those of the dura-mater, are probably ihe most 
important tumours of the meninges. They are situated generally at the 
base of the skull, and they extend and involve neighbouring parts — ^the 
pons, the medulla, the cranial nerves, the bones, etc. They are usually 
very malignant. 

Teratomas occasionally occur. Meningoceles are described on p. 905. 

CEREBRO-SPINAL FLUID 

•* I 

Under normal conditions, the ccrebro-spinal fluid is clear and watery, 
and of low specific gravity (l*0()i to 1'007) ; it contains soluble inorganic 
salts, a trace of coagulable protein, which is chiefly globulin, and O'Ob— 
0*13 of a copper-reducing substance that is probably glucose. It is 
practically free from cells or other fiumed elements. According to 
Halliburton, this fluid is a secretion arising from a definite glandular 
structure, and is produced primarily by secreting cells covering the choroid 
plexuses in the lateral ventricles. The pressure, therefore, is dependent to 
a considerable extent on the activity or secretory power of the secreting 
cells, though one cannot doubt that it is also influenced by changes in the 
arterial and venous pressures. 

Under various abnormal conditions, the protein matter — albumin, 
globulin, or both of these — is largely increased, the cellular elements 
become a marked future (see under Meningitis, Syphilis, etc.), and 
various abnormal substances such as cholesterol, etc., are added. 
The colour may be altered, from the presence of blood, blood-pigment, 
or other abnormal pigmentary substances. 

ACCUMULATIONS OF CEREBRO-SPINAL FLUID IN THE MEM- 
BRANES AND CAVITIES OF THE BRAIN 

(Edema.— Marked oedema of the membranes of the brain, especially 
the pia-arachnoid., occurs, along with oedema in other parts, in some cases 
of Bright’s disease, heart-disease, etc. It is by no means infrequent, 
in cases which have clinically exhibited symptoms — especially if super- 
vening during the course of Bright’s disease — suggesting some localised 
cerebral lesion such as hsemorrhage, thrombosis, or tuinour, to find only 

^ -For a fuller description of the characters of the cerebro-spinal flwid in health 
and disease, see Chapter I., Buxssard and Greenfield’s The Pfx^^logy of the Nervous 
Bystem, Messrs. Constable, London, 1921. 
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marked general oedema of the membranes and brain-substance. In 
certain cases in which atrophy of the brain has taken place, the sub- 
arachnoid space may become filled with serous fluid {see p. 966) ; and 
definite local accumulations due to inflammatory changes — and described 
as meningitis serosa circumscripta — occur. This condition may arise 
in the course of infectious diseases or intoxications, or in some eases, 
ap’parently independeJitly of these factors. ^ 

Hydrocephalus. — The commonest manifestation of this condition 
is that in which there is an excess of fluid in the whole ventricular system, 
buji ^specially in the lateral ventricles. In certain congenital cases the 



Fia. 430. — Coronal section thrpn^h the Cranium and Brain of a case of Chronic Hydro- 
cephalus, shewing extrenvp distension of the Lateral VenteieJes. (From the Patho- 
logical Museum, university of Sheffield.) 

fluid accumulates in the subdural space (External Hydrocephalus), but 
these cases are so -rare that further reference need not be made to them. 

The accumulation of fluid in the ventricles may be congenital or 
acquired. 

(a) Congenital Hydrocephalus. — ^In this condition, there is a ‘gradual 
dilatation, especially of the lateral ventricles, with very marked thinning 
of the brain-substance and of the bones of the skull. The -skull becomes 
greatly expanded, closure of the sutures is prevented, and the cranium may 
be represented by a membranous structure in which widely separated 
plates of bone are embedded. The frontal bone is pushed forwards so 
that the forehead rises pefpendicularly or overhangs the eyebrows, the 
parietal bones laterally, and the occipital bone is pushed backwards* 
63 
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In spite of the great thinning of the brain-substance and the pressure 
exerted on it, its functions may be retained. Usually, however, the 
hydrocephalic child gives evidence of varying degrees of mental 
enfeeblement. The lateral ventricles, as has been said, undergo the 
greatest degree of dilatation, but the foramina of Monro, the third, and 
even the fourth, ventricles may also be dilated. The lining-membrane of 
the ventricles is usually Jhickened, and may appear somewhat granular. 
The accumulated fluid is clear, watery, and of low specific gravity. 

The cause of chronic hydrocephalus, in many cases, is obscure, but it 
is generally believed to be due to some congenital defect in the appa^a^tus 



Kin. 4ai. — Horizonfnl section through the Brain of a case of Chronic lIy«lrocephaliis, 
shewing the dilataUun « )f t ho 1 .atcral Ventricles and t)f tlic Foramina (jf M oriro. ( Krom 
a specimen belonging to »Sir Harold J. Stiles, F.B.C.iS, K.) 

t tt 

for the secretion and absorption of cerebro-spinal fluid, e.g, a mal-develop- 
meiit and closure of the foramen of Magendie and the other foramina 
in the roof of the fourth ventricle. It must be recogi?ised that, both in 
the congenital and in the acquired form of the disease, there may have 
been a primary slight attack of meningitis, cither occurring in ulero, or 
which had escaped observation at a later period. „ 

(b) Acquired Hydrocephalus.— A simple basal or other form of mening- 
itis may cause the scaling up of the foramina in the roof of the fourth 
ventricle, and so lead to the production of Acquired* Hydrocephalus. 
This may supervene during the active stage of the disease, when it is 
^j^j^Ottbtedly aided by inflammatory reaction (transudation of lymph, 
which involves the choroid plexuses and -the lining memljrane of the 
IC Ventricles ; or it may occur during convalescence. ^ A subsidiary, but 
' important, phenomenon, aiding in the production of hydrocephalus, is 
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the impaction of the medulla and neighbouring portions of the cerebellum 
into the foramen magnum, due to increase in bulk of the cranial contents 
from congestion or oedema. Hydrocephalus itself, when once started, 
has a similar result, the two conditions, hydrocephalus and impaction, 
mutually aggravating each other. Some cases of ac!itc hydrocephalus 
may be thus produced without actual closure of the foramina in the pial 
roof of the fourth ventricle by inflammation, tyid may occur during the 
active disease (in which case, and especially in meningococcal mening- 
itis, the causal organisms may be present in the ventricular fluid); or 
th^ l^ydipcephalus may supervene during convalescence. 



Fm. 432 . — Healthy Betz-cells. (Shewing nucleus and nuclcf)luH (one cell), cell-proccflses 
and J^isel- bodies. (From specimen lent by Drs. Watson and Bigland, J^iverpool.) x 300. 


^ II. DISEASES OF THE BRAIN 

In dealing with the diseases of the brain and spinal cord, there are certain 
elementary facts which require to be borne in mind. In gcmeral t(*Tms, the 
brain-tissue consists of the nervous tissue proper, the supporting tissue, and 
blood-vessels. Blood-vessels arc very lavishly supplied. The main arterial 
trunks (vertebral and internal t^arotid), on entering the skull, are almost 
immediately resolved into an anastomosing circle (the circle of Willis). The 
internal carotid artery, after perforp-ting the dura-mater, divides into the 
anterior and the middle cerebral arteries. 

Just as •the internal carotid artery passes through the dura-mater, it 
gives off the ophthalmic artery, and, from the latter, the arteria centraiis 
retinse arises. The middle cerebral artery supplies the third frontal, the 
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upper and middle temporal, the angular, the supra-marginal, and the 
lower two-thirds of the ascending frontal and parietal gyri, the anterior 
end of the temporal lobe, and, sometimes, the superior half of the inferior 
temporal gyrus. The anterior cerebral artery supplies the upper third of 
the ascending frontal and parietal gyri, the superior frontal gyrus, the 
cor2)us callosum and the mesial surface of the gyrus fomicatus, marginal 
gyrus, and the anterior three-fourths of the quadrate lobe. The occipital 
lobe, the temporo-sphenoidal convolutions, and various parts of the optic 



Fig. --Degenerated Nerve-cells. From the anterior horn of the spinal cord in a 

of Pellagra, shewing eccentric position of nucleus, disapi»earance of Nissl-bodier 
loss of processes, etc. (Lent by Dm. Watson and Bigland, Liverpool.) x300 * 


thalamus, are supplied by the posterior cerebral artery, pf the middle 
cerebral artery, the most important branches are those supplying the basal 
ganglia, viz.— the caudate, passing to the head of the caudate nucleus • the 
antero-lateral, supplying the caudate nucleus— except its head— the internal 
c^ule, and part of the optic thalamus: and the lentioulo-striate, supplying 
the lenticular nucleus and external capsule, and passing through the inyrnal 
ca^l^ule into the caudate nucleus. ® 

, -^he two. vertebral arterm, after giving off several branches, including 
the posterior meningeal and the posterior in^rior cerebellar, joimto form the 
basilar artery, and this, in its turn, gives dff the other cerebellar arteries 
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and the posterior cerebral, which supply the ccreb(‘lhuii, the pons and the 
medulla. 

Of the veins, the most important are those which leave the temporal and 
occipital lobes to end in the lateral sinus. 

The nervous' tissue is composed of nerve-cells, each of which consists of a 
cell-body and its nucleus. This cell is continued into an axis-cylinder 
process with its terminal arborisations and, usually, also niany proto})lasmi(j 
processes or dendrites. The sup])orting tissue' consists of an epiblastic 
structure— neuroglia-cells and their fibres —in addi toon to ordinary mesoblastic 
Iconnective tissue, the latter being found especially around the blood-vessels. 

In degenerations of nervous tissue, from whatever cause, the nerve -cells 
and the nerve-fibres suffer most seventy; and the neuroglia ])roliferate8 in 
order to replace the dead or damaged nervc-(‘-eIls. The mesoblastic* connective 
tiss\ie plays very little part in the process. 

CONGENITAL ABNORMALITIES. -MALFORMATIONS are seen prin- 
cipally in imperfectly developed foetiises which do not survive bitth, 
and are interesting rather from an anatomical, than from a pathological, 
point view. The brain may be wholly or partially deficient (anen- 
cephalia), and this may be associated with absence of the whole or part 
of the cranial vault (acrania or hemicrania), and imperfect chfsure of fhc 
skull along the middle line (cranioschisis). In conjunction with imperfect 
development of the skull, hernia of the brain (encephalocele) or hernia 
of the membranes (meningocele) may occur. The meningocele consists 
merely of a protrusion of part of the cerebral membranes. In an en- 
cephalocele, there is, in addition, protrusion of part of the brain. These 
protrusions are generally found in the middle line posteriorly, between 
the two lateral halves of the occipital bone, i. e. in the occipital 
* fontanellc of Sutton — a gap running up in the middle line from the 
inferior angle at the foramen magnum to the occipii.al protuberance : 
in the fronto-nasal suture : and, more rarely, in the lambdoidal, sagittal, 
and other sutures. They have been described as occurring through 
normal and abnormal fissures, at the base of the skull and into the orbit, 
nose and mouth. Associated with deficiency of the anterior part of the 
fore-brain, a single centr;*! eye (cyclopia) is sometimftj found. In adult life, 
general smallness of the brain (micrencephalus) with corresponding small- 
ness of the head (microcephalus) may be present. The term Microcephaly 
is applied generally, though not correctly, to smallness of the brain. 
The condition is characterised by an imperfect development of the gyri 
and sulci, these often being small, irregular in arrangement, and imper- 
fectly formed. In certain cases it is due simply to defective develop- 
ment, but sometimes it results from definite pathological conditions in 
the foetus. Thickenings of the pia-mater, suggesting early inflammatory ^ 
conditions, have been found associated with it. ^ 

Parts of the brain are sometimes congenitally small in size. At 
certain areas in the cortex, the convolutions may be imperfectly formed. 
The hemispheres may be a^mmetrical, or the cerebellum small and * 
imperfect. The corpus callosum is sometimes absent. 
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“ hypertrophy;’ or, more correctly, INCREASE IN THE SIZE, 
OF THE BRAIN, may occur, without any apparent pathological alteration 
in the brain-substance. In other cases, however, this “ hypertrophy ” 
is associated with a hyperplasia of the neuroglial tissue. 

ATROPHY OF THE BRAIN. — ^In general cachectic diseases, the brain 
does not waste to the same extent, or in the same proportion, as other 
body-structures; but, intjld people, and especially in alcoholics, atrophy 
of the convolutions takes place. A similar condition is seen in general^ 
paralysis of the insane, especially in the frontal region, and also in Qases 
where arterial degeneration is a marked feature. The fluid in tly3 mqshes 
of the pi a is increased, and the increase is sometimes mistaken for dropsy. 
There is no marked — though there may sometimes be slight — dilatation 
of the lateral ventricles. The pia is usually thickened and more adherent 
to the brain-substance than in th^ normal condition, and this thickening 
may be unilateral, or may appear as a general, or as a patchy, milky 
opacity, or in the form of irregular whitish nodules. The cranial bones 
usually become thinned, and may sink in slightly as the brain shrinks. 
The perivaftcular lymphatics may be dilated because of the atrophy and 
retraction of the surrounding brain -substance. 

Local atrophy may result from the pressure of tumours, etc. : or from 
loss of functional activity, following hsemorrhage, embolism, or throm- 
bosis, with subsequent softening and absorption. In such cases, cavities 
or pseudocysts, with a smooth lining and clear W'atery contents, may be 
formed ; and there may also be an abnormal distension of the perivascular 
lymphatic spaces, owing to^ an accumulation of fluid in them, and to 
shrinking of the cerebral substance. 

Injuries. — These owe their importance to the effects they have on 
the functions of the brain. The force of the blow causes disturbances 
of the circulation in, and of the structure of, the cerebral tissue. There 
may, in some cases, be no injury to the skull, but the concussion, such, 
for example, as that resulting from the bursting of an explosive shell, may 
produce various nerVbus symptoms (shell-shock), and, on 'post-mortem 
examination, evidence of punctiform hsemorrhages at the termination 
of the smaller vessels on the surface of the brain and in the grey matter 
elsewhere, or, in other instances, larger haemorrhages, is foimd. The 
cerebro-spinal fluid may be blood-stained. Mott says there is a general 
chromatolytic change in the cells of the central nervous system — ^the 
cells most affected being the small cells in which the basopkile substance 
has partly or almost wholly disaj^peared. In the larger cells, the Nissl- 
, granules are small and not packed so closely together as in normal 
tissues. 

Similarly, there may be contusion and laceration of the brain, with or 
without a wound of the skull. Bullet-' or shrapnel-wounds and fractures 
* produce varying degrees of hasmorrhage and destruction of biain-tissue ; 
and the pathological effects will depend on the site«and extent of the 



967 


DISEASES OF THE JJEIWOUS SYSTEM 

injury and the character of the missile, e.g, whether it is septic or not. 
Clean wounds of brain-tissue heal rapidly, whereas septic wounds may 
produce considerable areas of suppuration. Wounds deep into the brain 
may, after a relatively long period, be followed by encephalitis, abscess- 
formation, or meningitis. Von Eiselberg states that late abscess-forma- 
tion, secondary to penetrating wounds of the skull, may not infrequently 
supervene, if the cases subsequently become the subject of slight 
traumata, infectious disease, or even a sore throat. 

, qiRCULATORY DISTURBANCES 

1. CHRONIC VENOUS CONGESTION, as a post-iuorlem phenomenon 

at all events, is not usually marked in the brain. Even in cases of 
mitral disease, with extensive venous congestion in the lungs, liver, etc., 
the only evidence of the condition in^the brain may be distension and 
tortuosity of the vessels in the pia-mater, and a slight deposit of 
pigment round these vessels. The condition may result from thrombosis 
of the sinuses, but, even in such cases, the appearances visible after death 
are insignificant. • • 

2. (EDEMA or DROPSY of the brain-substance is not common except 
in cases of Bright’s disease, though it occurs to a varying extent 
in acute inflammation of the brain-substance, or of the pia-arachnoid. 
The brain is usually firmer than normal, and, when cut across, presents a 
glistening, watery appearance, the fluid in the ventricles being also 
increased in amount, and the meshes of the pia-arachnoid containing 
excess of fluid. As already mentioned, these may be the only naked-eye 

* lesions in certain cases, especially of Bright’s disease, where the clinical 
symptoms [e.g. monoplegia, hemiplegia, etc.) may have suggested some 
more definitely localised cerebral lesion such as hsomorrhage or embolism. 

Local oedema may be present in the neighbourhood of tumours, 
haemorrhages, etc. 

3. ANAEMIA. — Apart from the transitory anaemia of cardiac 

syncope, general anaeitiia of the brain result? from loss of blood, 
from stenosis of the aortic orifice, from general loss of fluid, as in 
prolonged diarrhoea, etc., and in blood-diseases where there is extensive 
destruction of the red blood-corpuscles. Though such anaemia may be a 
cause of death, there are no characteristic post-mortem appearances in the 
brain. • 

Local ancemia (Ischaemia) may arise from local pressure on the brain, 
produced by tumours, extravasations of blood, inflammatoiy exudates, etc. ; 
but the commonest and most important cause is obstruction of arteries* 

4. ARTERIAL OBSTRUCTION may be produced by embolism or 
by thrombosis. The embolus is usually a portion of a vegetation detached 
from the mitral or the aortic valve, or a portion of a thrombus or clot 
situated in one of the left ^chambers of the heart, on an atheromatous* 
patch in an artery, or in aneurism of the aorta. Partial obstruction, 
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and even temporary complete obstruction, without thrombosis, caused by 
irregular spasmodic contraction of the muscular coat of the vessel is said 
to occur in arteries whose lumen is greatly narrowed by degenerative and 
proliferative changes in their walls. 

Thrombosis from causes other than embolism is less frequent, and is 
usually secondary to atheroma or other degenerative condition of the 
arteries, though, in very ^exceptional cases, it may be due to a general 
enfecblement of the circulation, or to disease of the blood. 



Fig. 434.- — Atheroma of tkiJ Vessels at the base of the showing tortuosity and 

irrogiilar dilatation. The (.^arotids and Vertebrals on each side show great inequality 
in size. 


Regions specially liable to be aSected by arterial obstruction : — 

(a) Embolism usually occurs in the left middle cerebral artery 
and its branches, on account of the direct continuity of this vessel 
with the corresponding internal carotid' — ^the artery, which, owing to 
the anatomical arrangement of the vessels, provides the most direct 
course for an embolus. Next, iu order of liability, come the right middle 
cerebral and the posterior cerebral (in the case of the latter, the two sides 
being equally liable), the vertebral — ^the left more commonly than the 
right — the anterior cerebral, the cerebellar, especially the posterior 
inferior cerebellar, and the the last three, however, being only 

rarely the seat of maboli. , • 

(jb) Thrombosis, as a result of atheroma, is found especially in branches 
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of the posterior cereTbral and the basilar arteries, or in some of the smaller 
cortical branches. As a result of proliferative endarteritis, the thrombosis 
occurs particularly in the internal carotid and middle cerebral, and also 
in the basilar, the posterior cerebral, and the vertebral arteries. 

Pathological Anatomy.^-The effects of the obstruction, however 
produced, will depend on its situation, its extent, the condition of the 
arteries affected, and the amount of collateral supply that is possible. 
Thus, obstruction of the middle cerebral artery will cut off the supply 
from the motor and sensory areas in the basal ganglia, and will produce 
h(vrijplegia with, possibly, aphasia, etc., thus giving definite clinical 
manifestations for localisation of the lesion ; or thrombosis of the basilar 
artery, causing softening in the pons, may give rise to bilateral hemiplegia. 
Again, if the obstruction take place in a main artery, or in one of 
its minute branches, the pathological q;ffects may be very severe, or very 
slight, according to the importance and extent of the area of brain-tissue 
involved, and the amount of collateral supply available ; or, if the ob- 
structing body become broken up into fragments, these will be distributed, 
causing multiple localised areas of djimage. More importaift., howeter, 
are the site of the vessels, and the condition of their walls. If the 
collateral supply is deficient, or if widespread disease of the arteries 
prevemts its full establishment, the pathological results of obstruction 
are more serious. The nutrient arteries supplying the brain-tissue do not 
anastomose freely with one another, and occlusion of them has very 
serious results ; whereas obstruction in some vessels in the circle of Willis, 
where the anastomosis is well marked, may lead to only a temporary 
derangement of the circulation. The situations in which softening will 
occur can be determined only by a careful anatomical study of the arteries 
of the brain and their distribution-areas. 

Phenomena observed as a result of obstruction: — 

Within a few hours after the obstruction, in cases which do not 
succumb to its immediate effects, there is hfpersemia in the pia- 
mater — ^if the lesion be cortical — and in those parts of the brain border- 
ing on the region from which the arterial supply has been cut off. This 
hypercemia, espeeially of the cerebral substance, very soon passes off, 
and the parts supplied by the obstructed artery speedily become pale 
and soft. Gradually, this softening becomes more marked, and the 
affected partns converted into a mass of creamy pulp. If small ahd super- 
ficial, the softened area may be absorbed and leave a depression on the 
surface of the brain. If in the interior of the brain, partial absorption takes 
place, and a cavity, containing somewhat turbid fluid, generally remains. 
Usually, this cavity has no distinct cyst-wall, and there is, as a rule, no 
deposit of pigment, such as is seen after haemorrhage. Unless secondary 
extension stakes place, the softened area is always smaller than the area* 
supplied by the- obstructed artery. 

On mleroseoploal examination, the nerve-fibres are found to be 
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disintegrated, the myelin becoming fragmented and escaping from the 
nerve-sheath. The nerve-cells are somewhat more resistant than the 
fibres, but they also become granular, and eventually disappear. The cells 
of the neuroglia, and those lining the vessels, undergo fatty degeneration, 
forming the so-called compound granular corpuscles.” Haemorrhage 
may be present, in some cases, in varying amount, but, gradually, the 
haemoglobin dissolves out from the red cells and is diffused throughotit 
the tissues. Thus, the reel colour of these softenings with haemorrhages 
(red softening) gradually changes to yellow (yellow softening) and eventu- 
ally to white (white softening). ^ 

CEREBRAL HiSMORRHAGE. — Under this term are generally 
included two conditions — haemorrhage in, or upon the surface of, the 
membranes of the brain — best termed meningeal haemorrhage, and 
haemorrhage into the substance of the brain. To the latter, the term 
cerebral haemorrhage, in its strict sense, should be confined. 

Extra- and intra-dural haemorrhages have already been dea*Jt with. 
Subdural haemorrhages, or haimorrhagos internal to the dura-mater, 
are due to bleeding either from without, or from laceration of some vessel 
in or on the surface of the cortex, e. g. the rupture of an aneurism. They 
are, however, generally the result of traumatism, though rupture of 
vessels may take place during a violent spasm in whooping cough, or 
during a convulsive seizure. 

Sub-arachnoid haemorrhages are more iniportant, and may extend 
over a considerable surface of the brain, the blood being confined to the 
sub-arachnoid space and the meshes of the pia. Such ha)morrliages may 
be the result of injury to the brain from a blow or a fall, the brain-substance 
being lacerated, but the membranes not necessarily being torn ; or they 
may follow thrombosis of the longitudinal sinus, where the smaller tributary 
vessels become dilated and undergo rupture. 

Small htemorrhages may occur as a result of severe inflammation, 
or in toxic diseases of various lands, e.g, septicaemia, scurvy, typhoid 
fever, pneumonia, mensles, etc., and punctiform haemorrhages are very 
common in gas-poisoning; whilst in anthrax, as has been mentioned 
on p. 951, and in cerebro-spinal fever, haemorrhages of considerable size 
are found both in the substance and in the membranes. Blood under 
the pia-arachnoid may be associated with the rupture of a small aneurism 
on a pial vessel, or an extension from the rupture of a larger aneurism 
on the vessels at the base of the brain. Commonly, blood under the pia- 
arachnoid, especially at the base of the brain, has spread from a hsemo- 
rrhage which has burst into the lateral ventricles. The blood makes its 
way through the foramen of Monro into the third ventricle, and then 
p^es along the aqueduct of Sylvius into the fourth ventricle, from which 
i¥" escapes into the sub-arachnoid space, where it may burrow, covering 
♦both the under and the upper surface of the cerebellum, an^ perhaps 
also extending to the cerebrum, and spreading along the lines of the 
fissures of Sylvius, or passing anteriorly into the longitudinal fissure, 
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over the upper surface of the corpus callosum, and into the sulci on the 
inner surface of the hemispheres. It may also extend down the cord 
and be found on lumbar puncture. 

Cerebral Haemorrhage, properly so-called, is due generally to rupture 
of some of the blood-vessels within the substance of the brain. The 
arteries usually shew atheroma of their walls, and, in a certain proportion 
of* cases, aneurismal dilatation — ^the aneurisms varying in size, some 
being single and measuring perhaps threc-quarlcrs of an inch to an inch 
ill diameter, others being microscopic in size and perhaps multiple (miliary 
ai\eu^isms). Rupture of cither of these varieties may produce extensive 



Fjq. 435. — A minute (miliary) Aneurism on ono of the 
Corobral Artorios. X.75. 
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cerebral haemorrhage. The larger aneurisms are develojied on any artery, 
being seen especially on the vessels of the circle of Willis, on the vertebral 
artery, on some qi the internal branches of the middle cerebral, and, less 
commonly, on the basilar, internal carotid, posterior cerebral, anterior 
communicating, ^nd cerebellar. The miliary aneurisms arc commoner 
on the arterial branches which supply the basal ganglia. Roth forms 
result, as a rule, from degenerative changes in the walls of the arteries, 
associated with increased pressure within the vessels — these conditions 
being present especially in certain types of Bright’s disease, particularly 
when accompanied by hypertrophy of the left ventricle, the forcible 
action of which, along with the high intravascular pressure and weaken- 
ing of the^ vessel-wall, may lead to rupture of the aneurisms. 

Such aneurisiup may, in certain parts of the brain (especially in the 
medulla), and also in the spinal cord, give rise to serious pressure- 
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symptoma, and may even, quite apart from rupture, lead to a fatal issue. 
In children, the aneurisnial dilatations, which by their rupture lead to 
cerebral heomorrhage, appear to be due commonly to some congenital 
defect in the vessel-wall, especially in its muscular coat. 

Cerebral haemorrhage frequently occurs in acute fevers, e,g, cerebro- 
spinal fever, in septicaemia, in pernicious and other forms of anaemia, in 
Icucocythaemia, and in i^^hosphorus-poisoning. In all these cases, the 
important factor is degeneration of the walls of the smaller vessels, and 
the hsemorrhages may be small and widely -scattered, or of considerable 





size, as in leucocythaemia, in which disease the effusion, may be a large, 
localised one, which may destroy the brain-tissue very extensively. 

Sites of Cerebral Haemorrhage.— The commoner situations in which 
haemorrhage takes place are, according to Greenfield, in order of im- 
portance, as follows : — 

I. In the vicinity of the basal ganglia (76 per cent.J, at the upper 
part of the external capsule : also towards the upper and outer part 
of the lenticular nxicleus: or in the adjoining part of the internal 
capsule — ^from any of which points it may spread and involve the 
centrum ovale, or destroy the basal ganglia and burst into tjie lateral 
ventricles. ‘ * 
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2. In the pons (10-12 per cent.), where also pigmented areas, repre- 
senting the situations in which haemorrhage had previously taken place, 
are often seen in cases of Bright’s disease or in general arterio-sclerosis* 

3. In the meninges (12 per cent. — already considered). 

4. In the cerebellum (1 per cent, or less). 

Ventricular haemorrhage is almost invariably secondary to haemorrhage 
inlo the substance of the brain, and originates from the smaller branches 
of the anterior and the posterior cerebral arteries — ^the former at the tip 
of the caudate nucleus, the latter at the posterior end of the optic 
thalamus — or from the middle cerebral, the blood ploughing its way 
through the lenticular nucleus. Gowers states that it may occur as a 
result of rupture of an aneurism on the choroid plexus. 

The characters of the haemorrhage, — ^The amount of the haemorrhage 
depends, to a certain extent, on the sjze of the ruptured vessel and on 
the nature of its support and surroundings. If rupture takes place into 
the white matter of the centrum ovale, the blood tends to spread very 
widely, whereas, in the case of rupture into the internal capsule, the 
spread may be less extensive. The brain-tissue is ploughed up and con- 
tused, and, as evidence of contusion, numerous minute ])unctate hfiemo- 
rrhages are seen in the softened brain-tissue around the larger haamorrhage. 
There may be some oedema following the ]uem(>rrhagc, and this may 
increase the area of damage to the brain-tissue. A series of haemorrhages 
may occur at different times, cither from the same vessel or from vessels 
around the primary haemorrhagic area. Tliese haemorrhages sometimes 
coalesce and produce more or less extensive destruction of the brain-tissue. 

If the haemorrhage does not prove fatal, partial absorption takes 
place. The haemoglobin is freed from the red cells, part of it is trans- 
formed into haemosiderin and part is deposited as haematoidin crystals. 
Granulation-tissue is formed — the connective-tissue, however, is usually 
scanty. The surrounding neuroglial tissue also proliferates to a limited 
extent, and, finally, there is produced a pscudocyst filled with fluid, 
and having for its walHhe proliferated connective and neuroglial tissue. 
Some contraction of the brain-tissue in the neighbourhood usually follows. 
Acute inflammatory softening may occur round the old haemorrhage. 
I^^Z^semorrhagQifrom the middle cerebral artery. — Of the branches of the 
Middle cerebral artery which pass through the anterior perforated space, 
some are given ioff directly into the substance of the lenticular nucleus. 
One, the lenticulo-striate (fig. 437, 4), passes between the ’ lenticular 
nucleus and the olaustrum, and enters the caudate nucleus. Rupture of the 
latter vessel is of such frequent occurrence that it has been termed “ the 
artery of cerebral haemorrhage.’’ The starting-pomt of the haemorrhage 
from this vessel is very frequently in the external capsule or the outer 
part of the lenticular nucleus, -the blood ploughing its way into the 
lenticulai^nucleus, and reaching even as far as the lateral ventricles. If the 
hsemorrhage in th^se situations is near the anterior end of the nucleus, it 
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may spread into the centrum ovale. H<Bmorrhage in the region of the 
claustrum is not uncommon, and forms a barrier, often linear in out- 
line, separating the lenticular nucleus from the island of Reil. Hsemorrhiage 
into the internal capsule is sometimes secondary to these more external 
haomorrhagcs, though rupture of the lenticulo-striate branch may involve 
primarily the motor part of the capsule, i.e. the genu and the anterior 



jb'in. 437. — Diagraiinnatio View of the Basal Ganglia and thoirj^Blood -Supply, 
seen in coronal section. 

a. Island of Roil. £», Claustrum. c. External Capsule. d, Nucleus Lonticularis. 
e, Internal (Upsulo. /, Nucleus Caudatus. gr, 0])tic Thalamus, /t, Nucleus Amygdala). 

Corpus Callosum. A*, Lateral Ventricle. I, Fornix, m. Anterior Commissure, n, 
Optic Chiasma. i « 

1. Internal Carotid Artery. 2. Middle Cerebral Artoiy. 3. Posterior Cerebral Artery. 
4. Lenticulo -striate Artery. The “ dotted *' part rejiresents the area in which hcemo* 
rrhage usually occurs — the three darker spots in this area repre.senting the common sites 
of origin of the hoemorrhage. 

t 

two-thirds of the posterior limb; whilst hsemorrhage from the lenticulo- 
optic branch may spread to, and destroy, the sensory fibres in the posterior 
third of the posterior limb of the capsule. « 

Haemorrhage from the anterior cerebral artery.— The branches of 
this artery which especially give rise to cerebral haemorrhage are those 
which supply the anterior part of the caudate nucleus, more particularly 
the part projecting into the lateral ventricles. Thus, this artery is the 
commonest source of ventricular haemorrhage, which, however, also 
^iesults from rupture of the branch of the posterior cerebral artery 
which supplies the optic thalamus. 
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Fia. 43^. — Hemorrhage at the posterior part oi tho I-iCnticD lar Nucleus and 
Internal ^psule with Kupturo into both Jjatoral Ventriclee. 
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HsBmorrhage into the pons comes next in frequency to hdBmorrhage 
into the basal ganglia. The haemorrhage may be large, and may destroy 
a considerable portion of the substance of the pons. Minute haemorrhages 

are, however, of commoner occurrence. 
Haemorrhage into the cerebellum is 
extremely rare. 

Effects of Haemorrhage.— Lai^ge 
haemorrhages are usifally fatal; but, 
if the haemorrhage is small, -and no 
vital centre is involved, recovery may 
take place. A pigmented area, in some 
cases with the formation of a small 
cavity, possessing a definite wall, 
— ^the result of connective-tissue and 
neuroglial-tissue proliferation — may 
remain as the only sign of the previous haemorrhage. 

As a result of haemoirhago with destruction of brain-substance, 
secondary degenerations supervene— their nature and localisation, and 
the cerebral and spinal nerve-tracts in which they occur, depending on the 
position and the extent of the haemorrhage ; but, as the study of these 
involves anatomical and physiological, rather than pathological, details 
we do not think it necessary to ent(‘r into the discussion of them. 

INFLAMMATION OF THE BRAIN:— 

(a) ACUTE INFLAMMATION (ENCEPHALITIS), as a primary 
condition, is rare. Though usually secondary to an acute inflamma- • 
tion of the membranes, or to a local reaction round clots, tumours, 
chronic abscesses, or injuries, a primary encephalitis has been described^ 
as occurring in cases of scarlet fever, measles, influenza, pneumonia, 
whooping cough, mumps, diphtheria, cerebro-spinal meningitis and other 
diseases of a similar nature. The tissue affected is, in the early stages, 
red and injected, owkig to the dilatation of the small vessels. Minute 
haemorrhages may be present, and there may be well-marked localised 
oedema. The inflammatory area soon becomes soft and diffluent, and 
‘assumes a yellowish colour. On microscopical examination, collections of 
polymorphonuclear leucocytes are seen, and destructive changes in theT* 
nerve-cells and fibres are present. These pathological conditions are, as a 
rule, found as irregular foci and not widely scattered throughout the brain. 

Epidemic Encepibalitis (Encephalitis Lethargica).— In this disease, in 
which the cardinal symptoms are lethargy, general asthenia, muscular * 
rj^dity, and cranial nerve-palsies, Marinesoo states that ther%are, visible 
to the naked eye, disseminated punctiform h^niorrhages in the grey ^ 
niaj^r of the floor oCtEe fourth ventride, the aqueduct of Sylvius, and ' 
eveix,in*theiM^JE^^^ They are fotmd also in the pp|tenar.4^art 
of th^ i ppn^ the jpeduijcles. In 'the pons,^ the medulla, the 



Fm. 446. — Haemorrhage?! into tho Pons. 
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peduncles, and in the first segment of the spinal cord, he describes four 
kinds of lesions. - 

(1) . -An infiltration of lymphocji;es and plasma-cells in the adventitia 
of the small vessels, especially the veins. 

(2) Foci of intexstitialinflanimation in which there is som^^prolifera- 
tion of the neuroglial cells at the roots of the nerves,, hypoglossal, 
piTeunjiggastric. 

(3) Various lesions of the nerve-cells — ^grSdnal disintegration an^ 
disappearance of . the Nissl-hodies, fragmentation of the nucleus, 
(k^ryorrhexis and pyknosis), vacuolatioii of the cytoplasm, etc. 



Fig. ^1. Encephahtis Lithargica. Section of brain sfiewin^ tbroinboHed vessels and 
htemorrhajge. (Lent by Dr. Watson, Kainhill Asylum, JJvcrpool.) x 100. 


(4) Foci of hsemorrhage, to which reference has already, been 
made. 

' Mott regards this disease as an acute inflammation of the peri- 
vascular lyrpphatics, characterised by haemorrhages in the pons, the 
medulla, the peduncles and around the third ventricle. In the lymphatic 
jsheaths of the arteries and veins, i;i addition to lymphocytes and plasma- 
cells (figs. 442 and 443.), there are larg^ numbers of polymorphonuclear, 
leucocytes which am found irf the tissues surrounding the vessels, as well 
64 



978 


SPECIAL PATHOLOGY 


as in the adventitia. There is proliferation of the neuroglial cells around 
the vessels and in the adjacent nervous tissue. 

Some cases have been described where the small-celled perivascular 
infiltration was present in the posterior horns of the cervical and lumbar 
cord. No definite causal organism has been foimd, though some writers 
regard the condition as a polio -encephalitis, and the virus as analogous 



Fia. 442. — Ccrd}ral CorUx. rroin a case of Enccplialitis Lotliai f^ica of four weeks' duration, 
slicwing perivascular infiltration with small round cells and also congestion (dark 
lines). (Lent by 3)r. J. G. Gieenfield, National Hospital for Paralysis and Epilepsy.) 
X 60. 

to, if not identical with, the virus of poliomyelitis. Buzzard and 
J. G. Greenfield ^ slate that — 

(1) Vascular congestion has been the most striking feature of all 
the cases examined within the first few weeks of the onset of symptoms. 
It affects all the vessels down to the smallest capillaries (fig. 442). 

“ (2) The changes in the nerve cells are extremely constant, but they 
are by no means universal. Some of the nuclei of the brain stem may 
shew very little change when others close to them Tiavf^ many cells 
affected. In general only a few of the nerve cells of a nucleus or 
area are affected, but all may shew some degree of alteration. These 
(Aahges, which have been well described by Marinesco, are jperinuclear 
* Buzzard and Greenfield, Brain^ Vol. XLI] .,‘Part IV. 1^9, pp. 305 et seq. 
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chromatolysis, eccentricity of the nucleus (figs. 433 and 455), excess 
of pigment, and, perhaps most constant of aU, neuronophagy.^ 

“ (3) It seemed clear that the cells taking part in this neuronophagy 
were, for the most part, derived from the mesoblastic elements, many 
being closely allied to plasma cells. They resembled in every respect 
the rows of round cells which could be seen in the same field lying 



Fio. ii-.l—KrtceT>hahtis Ldhargica. Sliowing dUated vessels, areas of hsemorrhaKe, and 
perivascular increase in cells. (Lent by l)r. \A'^atson, llainliill Asylum, Livtrpo .) 
X 50 . . • 


along the outside of the capillary walls. Their cytoplasm is Iree from 
granules, and^ its 'outer border is rounded and clearly defined, and they 
occur at a stage of the disease when there is little evidence of glial 
proliferation. They were seen in large numbers among the nerve cells of 
the most affected nuclei, and to a less extent throughout all the nervous 
tissue. In some parts of the cortex, and in a few of the nuclei of the brain 
stem, almost every nerve cell had^several such cells in close relation to it. 

“ In one or two of the cases which shewed the greatest changes there 

^ Absorption of the nerve-elements by phagocytic cells. 
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are small collections of such cells in some parts of the pons and 
mid-brain. Bat dense clusters of cells such as those which invade the 
anterior horns of the cord in cases of poliomyelitis were never seen. 

“ (4) Round-celled perivascular infiltration (fig. 442) was present 
to a greater or less degree in all the cases examined within the first month 
or two of the onset of symptoms. But in two cases it was so inconspicuous 



Fia. 444 . — Encephalitis Lcthargica. Shewing dilated and thrombosed vessel (the wall of the 
vessel has retracted from cortical tissue during preparation of seetkm). (l^nt by 
Br. Watson, Rainhill Asylum, Liverpool.) x 50. 

a feature that a careful search was necessary to find any vessel which 
shewed this change. It is not nearly so universal as is the infiltration 
of the tissues with plasn\a cells and lymphocytes, and,is always patchy ; 
either it picks out only a foAV vessels, or when the majority are affected 
they shew great variety m the thickness of the cuff of cells with which 
they are surrounded. These cells m^y obviously either be leaving the 
blood-vessel or returning to it. Several observations tend to support the 
theory that the majority of these cells are ifn their way back to the vessel. 
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(6) In most of the cases there was some evidence of glial prolifera- 
tion, but this formed a conspicuous feature in only one case. This 
patient died at the end of the sixth week of the disease and shewed 
the typical changes of the disease in an extreme degree. In the sub- 
cortical layers there was a great proliferation of neuroglial cells, shewing 
themselves as largo irregular cells, with long fleshy processes, and one 
or. more oval nuclei lying near the margin of the cell."’ 

Venous thrombosis with haemorrhage (figs. 433 and 444), they state, 
were sufficiently common to deserve mention. A normal cerebro-spinal 
fluid is the rule, but, in some cases, an increase of lymphocytes has 
been* foifnd. Barker ^ reports an almost constant increase in the 
amount of sugar in 15 cases examined. Tlie variations in the cerebro- 
spinal fluid are due possibly to the extent ani the situation of fhe 
encephalitis. 



Fig. 445 . — Cerebral Ab-scesms, 'i'ho lower one, in the toinporo-Hplioncjidal Jobe, was 
duo to infection through tho roof of the tympanic cavity ami dura in a oa.se of disease 
of the middle oar. 

(6) SUPPURATIVE INFLAMMATION (ABSCESS).~Two forms of 
suppurative inflammation occur in the brain — one, due to the carriage 
of organisms to the brain by the blood-stream in cases of pyaemia, the 
other, due to local extension from inflammatory foci in the parts around. 

1. Pyaemic abscesses are usually multiple, and may occur in any part 
of the brain. They are not common, but may be found more especially 
as a secondary complication of abscesses, or of suppuration in bronchi- 
ectatic or other cavities, in the lung, and in suppurative conditions of the 
pleura. Abscesses sometimes occur from septic embolism, in cases of 
ulcerative endocarditis. 

2. Abscesses due to direct extension. — ^The most typical example of this 
condition is the abscess which follows suppurative disease of the middle ear. 
The infection may spread directly upwards, causing destructive changes in . 

' L. C. Barker and Collaborators, Amer. Jmr. Med. 8c., Feb., March, 1920. 
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the bone and dura over the tympanic cavity, and the production of an 
abscess in the temporo-sphenoidal lobe ; or it may spread backwards to the 
mastoid antrum and cells, producing septic phlebitis and thrombosis of 
the lateral sinus, and abscess-formation in the cerebellum or cerebrum. 
Occasionally, in middle-ear disease, abscesses develop in the above- 
mentioned positions, with no apparent naked-eye involvement of the 
dura or of the bone forming the roof of the tympanic cavity. In such 
cases, the infective material may be carried by lymphatics or possibly 
by small anastomising blood-vessels, especially minute veins. 

Abscesses in the brain may also arise by direct spread from the bone 
or from the dura-mater -a subdural abscess being first formed,* and this 



KiCJ. 446 . — Sictfon of tJiO Medulla, t'lojii a case of Insu^yr Hclfiosis, sliowinf; Aroas 
of Scleroais (palo i)arts). (i^al-Woigert Mothoii.) x 3. 

involving the brain secondarily. Or, the septic material in the bone 
may spread by the veins or the venous sinuses, in the form of an infective 
thrombo-phlebitis. Injuries to the head, especially compound fraetpres, 
and diseases of the nose and orbit, are also not infreqxient causes of the 
formation of cerebral abscesses. 

Characters of the Abscesses. — ^In size, they vary considerably, and, 
in the more typical cases —those secondary to disease of the middle 
ear — the pus is usually greejiish in colour, of a thick creamy consistence, 
and exhales a putrid odour. The abscess is commonly somewhat chronic, 
.is bounded by a distinct wall or “ membrane ” formed of granulation- 
ti^iiie, generally enlarges gradually, and • sometimes burst# into the 
lateral ventricles or on the surface of the brain. • 
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Actinomycotic, and also rarer forms of Streptothricial, abscesses may 

occur. 

(d) CHRONIC ENCEPHALITIS. — ^Under this term are described 
various forms nf sclerosis of the brain, to which only brief reference need 
be made. Some of these are inflammatory in nature, whilst others are 
purely degenerative. 

• (i) Disseminated or Insular Sclerosis. — ^Thc cause of this condition is 
unknown, but it has been found in association with some of the acute 
infective diseases, especially iTifluenza, typhoid fever, smallpox, and scarlet 
fever. The causal connection of these diseases with it has not been clearlv 



447 . — Thickening of the Pta aravlinoid, From a case of (Jonoral Paralysis of tlio 
Insane. (I^ent by Drs. Watson and Uiglarid, 7jiverj)ool.) ' 50. 


established and {he condition certainly occurs independently of them, [t 
is (iharacterised by the occurrence of irregular patches of chronic inflam- 
mation or degeneration in the white matter beneath the cortex, in the 
centrum ovale, in the corpus callosum, in the grey matter of the basal 
ganglia, and in the pons, the medulla and the spinal cord {see figs, 446, 400, 
and 461). A more detailed account of the appearances will be found under 
Diseases of the Spinal Cord {see p. 1005). The irregular distribution of 
the sclerosed patches in the cord, medulla, pons, pedmicles, cerebrum, and 
cerebellum, is the explanation ol the very varied clinical manifestation^ 
of the disease. In Huntington’s chorea, a form of sclerosis, the cortex 
of the anterior aAi middle regions of the brain is mainly involved. 
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(ii) General Paralysis of the Insane.— This disease is now regarded as a 
late manifestation of syphilis. Spirochwte pallida has been demonstrated 
ill the lesions, and the Wassermann-reaction is usually positive with 
the cerebro-spiiial fluid. During the acute period, the brain is swollen; 
and hypersemia, and multiple foci of leucocytic infiltration and capillary 
haemorrhages, are observed. In the chronic stage, there is thickening of 
the membranes, with degeneration and ^atrophy of brain-substance. The 
pia-arachnoid is frequently thickened and (edematous (figs. 447 and 448), 



I^IG. 448. -Geitaral 1 ciraly fits of tha Section thronph a cortical Biilcus, Rhcwiriff 

Uiickening and c^gestion of the pia-arachnoid, and glial proliferation. (Lent by 
^ Drs. Watson and Bigland, Liverpool.) x 200. 

the fluid in the raoshes occurring mainly over the parietal and occipital 
lobes. The *pia is adherent to the convolutions, which are irregularly 
atrophied. The dura-mater is very much thickened, and usually unduly 
adherent to the bones of the skull . Chronic hsemorrliagic pachymeningitis 
is very liable to occur {see p. 952). Arterio-sclerotic changes, especially 
in the basilar arteries, are noted. 

On saotfont the brain is usually cedematous, and the lateral ventri- 
cle^ dilated. On microscopical examination, the nerve-cells are found to be 
l^ially affected. The nucleus and thd granules disappear, and the cell- 
undergoes atrophy. The myelin-sheath, of the white fibres becomes 
?;&ore or less disintegrated, and a neuroglial proUferation^gs, 448, 449 and 
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450) , with increase of the nuclei, takes place . The spider-cells are increased , 
and there is proliferation of the glial cells. The blood-vessels shew 
thickening of their walls, the inner as well as the outer coat undergoing 
proliferation. ' The perivascular tissues are infiltrated with small 
lymphocyte-like, and plasma-, cells. All these changes are best seen in 
the cortex, but may also be found in the basal ganglia, pons, and medulla. 
• 

TUBERCULOSIS OF THE BRAIN — ai)art fiT>in tuberculous meningitis, 

already described on p. 957, and in which a certain degree of involve- 



Fio. 449 . — (jfencral Paralysis of the Insane. Oiik^r layer of cerebral 0 (>rlt*x, showinfj; 
marked glial proliferation. X 50. (l^ent by Drs. Watson and Bigland, Liverpool.) 

ment of the brain substance itself may supervene — occurs in the form of 
irregular tumourdike nodules, which are found in any part of the brain, 
but are commonest in the cerebellum. They are single or multiple, and 
vary muchih size, sometimes reaching an inch or more in diameter. They 
occur especially in young people, and on naked-eye examination, are clearly 
outlined and shev a yellowish caseous centre. On microscopical examina- 
tion, the nodule is composed of an amorphous caseous mass, with a 
peripheral zone of giant-celled tubercle-granulations, which gradually 
merge into the surrounding braift-substance. These tumours may reach 
the surface and give rise to tuberculous meningitis ; or, by pressure on the 
straight sinus ovmyn the veins of Galen, cause dilatation of the lateral 
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ventricles and chronic hydrocephalus. They may also lead to serious 
results by infiltrating or pressing upon important parts of the brain, 
SYPHILIS OP THE BRAIN. — Syphilitic disease of the membranes 
(meningitis, gummatous formation, and arteritis) has been dealt with on 
p. 959. A gumma of the membranes soineftimes extends into the substance 
of the brain, but primary gummata are found also hi the brain-substance, 



Fia. iHO.—lkrehrallCortex from a cane of Qemrol J'aralynis of (he Insane. Shewiim pro- 
liferation of glia. X 300. (Lent liy Dra. Watson and Bigland, tdveifpool.) 

e. g. in the corpus callosum, in the basal ganglia, in the pons, and the 
medulla. The walls of the vessels, in such cases, are generally thickened, 
and a periarteritis is common. This periarteritis is evidenced by the 
large number of mononucleated cells in and around the walls of the 
vessels. Periarteritis nodosa (p. 554) is a manifestation of syphilis and 
may occur in the brain. Small or miliary gummata may be scattered 
throughout the brain; but multiple patches undergoing sclerosis, and 
'due to diffuse syphilitic granulation-tissue formation, are not^ common. 
The gummata [may press upon, or infiltrate, the. ^nial and spinal 
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nerves; and the arterial degeneration may lead to thrombosis and 
softening of the brain. 

Locomotor ataxia (p. 1007) and General Paralysis of the Insane (p. 981) 
are now generally regarded as a sequel of syphilis. 

TUMOURS OF THE BRAIN. — ^The commonest tumours of the brain are 
gliomas and sarcomas. The glioma of the brani is usually an infiltrating 
tumour, and, on section, it is often difficult or impossible to make out 
any line of demarkation between the tumour and the brain-siibstancc. 
Hsamoi^hage into it is frequent. On microscopical examination, the 
tumour is composed of roundcHl or somewhat irregular cells, with or 



•Fig. 451, — iJhoma of the ISrunim 

without branching processes — ^the cells being embedded in a granular, 
homogeneous, oc finely-fibrillated ground-substance, which sometimes is 
mucoid in character, and hence the designation of myxoglioma. Such 
tumours exhibit all degrees of malignancy. Some arc comparatively 
simple, whilst others rapidly infiltrate the surrounding tissues, but 
metastases restilting from them are uncommon. Though t hese malignant 
forms are classified as malignant hylomata, they are practically identical 
in their characters with other forms of sarcoma. Gliomas also occur in 
the retina. 

Sarcoma of the brain is usually of the round-celled type, and presents 
no speci(ail characters in this tissue as distinguished from sarcomsCS 
elsewhere. 
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Myxomas, fibromas, and psammomas, occur, but these have been 
sufficiently described under Tumours {see pp. 288 and 339). 

A neoplastic formation due to a developmentalintermingling of nerve- 
cells ‘‘ dislocated ” from their proper environment, with consequent over- 
growth of neuroglia in the affected areas, has been described under the 
term tuberose sclerosis. The growths are multiple and found specially 
in the, cortex. They are associated with congenital tumours in the 
brain, heart, kidneys, shift, and, less commonly, in other organs. An 
interesting report of a case is given by Fowler and Carnegie Dickson 

Cancers. — Primary Cancer is rare, but may occur in connection with 
the ependymal lining of the ventricles or of the pineal body ( 5 ce*p. 
Secondary cancer is also rare. Endo- or Mesotheliomas, secondary to 
tumbuTs of the lung, as well as hypernephromata and chorion-epithelioma, 
have been described. 

r 

Cholesteatoma or ‘‘ Pearl-Tumour,” which occurs occasionally in the 
membranes, is excessively rare in the substance of the brain. Tt Js com- 
pos(‘xl mainly of laminated layers of squamous epithelial cells, an^ con- 
tains’ usually a central mass of cholesterol-crystals. It is supposed to 
originate from the ependyma of the ventricles. Ziegler mentions the 
presence of small hairs in these tumours, and regards them as dermoids. 

PARASITES 

EcMnococcus-cysis are not infrequent, especially in Australia; and 
Cysticerojus celluhscv, the immature or bladder-worm stage of Twnia 
solium, has also been found ip the brain. In cases of malignant malaria 
the parasites, and considerable accumulations of pigment, may be found 
in the capillaries. 

Secondary Entamoebic abscesses, as a complication of tropical 
dysentery, have been described, and, in these, the Entamceha histolytica 
has beeji found. 


DISEASES OF THE CRANIAL NERVES 

The cranial nerves are pressed upon and infiltrated by tumour- 
growth, by tuberculous meninj^itis or by syphilitic meningitis or gummata ; 
and inflammatory or degenerative changes may result. The nature of 
these changes will be described later under Peripheral Nfrves, p, lOlE. 

Optic Neuritis. — ^Inflammation in the optic nerve may oepur at any 
part of its course, and may affect the connective tissue between the nerve- 
bundles (interstitial neuritis) or the nerve-sheath (perineuritis). 

In interstitial neuritis, the cellular exudate presses upon the nerve- 
fibr^ ; an<I> as the inflammatory exudate occurs most commonly in 
ijjji^lat areas (islets), special bundles of nerve-fibres — e. g. the macular 

Tuberous (Tuberose) Sclerosis,’' Fowler and Camegier Bickson, Quart. Jour. 
vol. iv., 1910, p. 43. " g. 
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^ fn^inTJ nT"** -Sc/ewt*. Shewmg the nodules of tumour in the brain. In order to 
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bundle — are not infrequently implicated. The nerve-fibres undergo 
degeneration — the medullary sheaths become broken up into fatty 
globules, and the axis -cylinders become varicose and, finally, disintegrate. 

In perineuritis, the exudation takes place into the nerve-sheath, and 
is usually the sequel of an inflammation spreading from the meninges. 

In both forms, cicatricial contraction may follow, and secondary 
degenerative changes in the whole nerve, leading to optic atrophy, may 
ensue. • 

Inflammation of the nerve below the entrance of the retinal vessels 
causes pressure on the retinal vein, and is followed by oedema of the nerve- 
head and surrounding retina. This condition -papillitis — ^is frequeifciy 
accompanied by hteniorrhages into the retina. The fluid exudate collects 
between the nerve-fibres, and, as the disease progresses, the axis-cylinders 
in the neighbourhood of the papilla become broken up. The exudate 
may spread over the surrounding retina . Secondary sclerosis in the retin al 
vessels, with retinal degeneration, may occur. • 

Pressure upon the nerve at its entrance into the globe, by fluid 
collecting in, the nerve-sheath, may cause obstruction to the venous 
return, and thus produce an intense mdema of the papilla — a condition 
known as choked disc. 
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DISEASES OF THE SPINAL CORD AND ITS 
MEMBRANES 

• 

Normally, the sub-arachnoid space, the venV*icles of the brain, S-nd the 
central canal of the spinal cord, form a continuous lymph- space. The 
central canal of the cord presents considerable variations. Typically, 
it®iiJ a snarrow slit lined with cylindrical ependymal (epithelium, outside 
which is a (;ellular layer of neuroglia. 

Under pathological conditions, the canal may be widened or obliieruled . 
As in the brain, dropsy of the cord may occur — ^the accumulation of fluid 
being either in the meningo.s or in the central canal. Tlie latter form is called 
Hydromyelia. Cavities arc sometimes found in the cord, which do not com- 
municate with the central canal, but which have a similar structure. These 
probably arise from the original canal in the process of its development. 

CONGENITAL ABNORMALITIES 

(a) SYRINGOMYELIA is essentially the presence, in the spinal cord, 
of a cavity or cavities not completely lined with cylindrical epithelium. 
Various hypotheses have been propounded to explain the conditions 
which are found, but we do not propose to deal with these, as we regard 
the disease as a congenital defect in the development of the spinal cord. 
The cord is often very irregular in shape; the cervical region, especially, 
may be enlarged and flattened, though the upj)er dorsal region also may 
shew similar changes. The abnormality sometimes extends upwards 
to the medulla and, rarely, to the pons. The cavity in the cord may 
be single, or two cavities may be present side by side. In some cases, 
the diameter of the cavity is very small, while in others, the cavity 
is not apparent. On ^ection, a mass of gelatinous material, pale oi 
translucent, is seen surrounding the cavity. On microscopical ex- 
amination^ this gelatinous area is found to be composed of proliferated 
neuroghal tissue, varying considerably in amount in diflerent cases, 
and at different levels in the same case. It forms a thin layer lining 
a Igirgc. cavity, or a thick layer with a very small slit-like cavity in 
the centre, or a dense layer without any evidence of cavitation. This 
ghomatous tissue — ^is composed of varpng proportions of neuroglial 
cells and fibres. Areas of degeneration are sometimes present, and, 
in these areas, both* nerve-cells and nerve-fibres may be extensively 
degenerated. The nerve-roots, especially the anterior spinal-roots of 
the cervical enlargement, are also usually involved; and secondary 
degeneration of the nerve-tracts — sclerosis of the pyramidal tracts, 
posterior 'columns and ascending antero-lateral tracts — ^is a frequent 
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occurrence. A typical case may shew either the cavity-formation 
slight in degree, and the overgrowth of neuroglia very considerable ; 
or the cavity-formation extensive, and the overgrowth of neuroglia 
very slight. Occasionally, the cavity communicates with the central 
canal. 

(6) SPINA BIFIDA,— In this form of congenital malformation, the 
arches ^f certain of the vertebrae, with the ligaments, etc., are more cr 
less incomplete, and, through them, the spinal cord may present itself in 
one of two ways : — 

1. Closed Spina Bifida. — ^There may be, projecting from the baclf, a 
rounded swelling, situated most frequently in the lumbo-sacra'i region 



453 . — SyriTigomydia or Glioais of Cervical Region., Showing the irregular cavity, 
w'ith its nouroglitl boundary -layer. (Pal-Woigeffc Method.) X 0. 

of the spine. This mass is covered with skin over the greater part 
of its posterior surface, but usually, in the centre, the covering is com- 
pleted by a membrane from which the skin-elements are absent. Beneath 
the skin are the membranes of the cord, or, generally, the pia-aiachnoid 
alone — ^the dura being often absent. At the centre of the ^covering, in 
some forms of the malformation (meningomyelocele), a dimple is 
sometimes seen, which corresponds with the adhesion of the spinal 
cord or cauda equina to the inner surface of the sac. The centre 
of the dimple may contain an opening which communicates directly 
with the central canal of the cord. This form of spina bifida is really 
k dropsy of the cord. If the accumulation of fluid is between the mem- 
branes and, the cord, the fomter alone are protruded (pieningocele) and 
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the sac is lined by arachnoid and covered outside by skin. In meningo- 
myelocele, which is said to be the most frequent form of the abnor- 
mality, the cord and nerve-roots are pushed backwards, and a swelling 
is formed by an accumulation of fluid in front of the cord in the arachnoid 
sac. The cord- itself and its nerve-roots are protruded and form the 
posterior wall of the sac. The sac is thus lined anteriorly and laterally 
by arachnoid and posteriorly by pia. In some cases, the protfusion 
consists of the dilated and closed central cainal (syringomyelocele)^ —the 
sac, in this form, being lined by a thin layer of nervous tissue. 

2. Open Spina Bifida. — ^In this condition, neither the development of 
th^ mtegament nor that of the medullary canal has been completed in the 
middle line, .and the spina bifida is shewn by a groove, at the bottom 
of which is a membrane representing the open central canal of the c(Ad. 
The tissue of the cord itself, throughout the open part of the spinal canal, 
is either absent, or present in very small amount. This condition may 
be accompanied by anencephaly, the foetus being then non-viable. 

CALCAREOUS DEGENERATION sometime'.s occurs, appearing in 
the form of thin pearly-white plates, often shewing concentric lamina- 
tion, and possessing sinuous or very irregular edges, which are con- 
tinuous with the membrane in which they occur. They are found, as 
a rule, in the pia-arachnoid of the cord or nerve-roots, and generally give 
rise to no symptoms during life. 

INFLAMMATION 

(a) Of the Dura-Mater.- -Inflammation of the external surface of the 
# dura may be the result of the direct extension of the inflammatory process 
from neighbouring structures, for example, an abscess in bone, or a 
septic focus such as a bed-sore. The condition may be suppurative, 
and the spinal canal become filled with semi-purulent fluid, which is 
commonly mixed with blood. The dura-mater is swollen, and dark- 
greenish or livid in colour. The pia and the arachnoid generally become 
secondarily infected. ^ 

Inflammatory changes confined to the inner surface of the dura are 
not common. 

Pachymeningitis hsemorrhagica interna may occur in cases of insanity, 
but, fn the spinal canal, is much rarer than the corresponding condition 
in the cranium (see p, 951). 

Pachymeningitis hypertrophica is a rare condition which is seen, in the 
cervical region of the cord. The inner surface of the dura becomes 
gradually thickened by the formation of concentric layers of fibrous 
tissue. Adhesion to the pia-mater, which also is thickened, is common. 
The condition causes pressure-atrophy of the nerve-roots from narrowing 
of the spinal foramina, together with secondary changes both in the cord 
and in the , peripheral nerves. In some cas^s, the condition is syphilitic * 
in origin. 

65 ^ 



994 


SPECIAL PATHOLOGY 


(6) Of the Pia-Mater. — We include with the pia-mater the arachnoid, 
which, though not in such intimate association with it in the cord as 
in the brain, yet, generally, is associated with it and exhibits similar 
changes in disease. Spinal Leptomeningitis is frequently secondary to 
cerebral meningitis. Sometimes, however, it may arise independently, 
as a result of local inflammatory processes, which, by their extension 
upwards, lead to a secondary involvement of the cerebral meninges. 
The pia is swollen and iitjected, and numerous small haemorrhages are 
seen in it. The arachnoid is congested, and there is excess of fluid — 
at first clear, but later semi-purulent — ^in the sub-arachnoid space. The 
exudate, if purulent, is usually most abundant on the posterioi sulface 
of the cord. The change may spread to the dura, or, more commonly, 
to the spinal^ cord itself, giving rise to myelitis. Spinal leptomeningitis 
may be due to the organisms which have already been enumerated as 
causing cerebral meningitis — Streptococci^ Pneumoccci, Meningococci^ and 
B, tuberculosis^ being among the more important of these. 

Localised collections of fluid in the meninges, simulating cysts 
(meningeal ^cysts, meningitis serosa), are comparatively rare and are due 
to focal meningitis. 

TUBERCULOSIS. — ^For descriptive purposes, tuberculosis of tlie 
spinal cord and of its membranes cannot be separated from one another. 
Several varieties of the condition occur. 

1. Tuberculous meningitis associated with caries of the vertebrae. 
Tuberculous caries may be limited to one vertebral body, or it may affect 
several. Occasionally, it commences in the transverse process and 
secondarily affects the vertebral body. It is found at any part of the spinal 
column, but is of most frequent occurrence in the lower dorsal and upper 
lumbar regions. The tuberculous infection, after destroying the anterior 
common ligament, reaches the dura, the outer surface of which becomes 
greatly thickened and infiltrated. The tubercle-granulations extend into 
the substance of the dura, and, at a later period, give rise to extensive 
tuberculous inflltratiog of its inner surface. Further extension takes place, 
and the pia-arachnoid and the various nerve-roots become involved. 
On account of the accumulation of tuberculous material in the canal, 
compression of the spinal cord {see fig. 463), with consequent ascending 
and descending degenerations, may follow. By reason of the* destruction 
of the vertebral bodies, curvature of the spine with displacement of,, and 
pressure on, the spinal cord, takes place, and myehtis ^is produced. 
Death supervenes, in some cases, from sudden dislocation of the 
diseased vertebrae. This is especially the case where the odontoid process, 
or the transverse ligament which holds it in position, becomes eroded 
by the disease. In cases of tuberculous caries (Pott’s disease)^ localised 
patches of myehtis or myehtic degeneration may occur even apart from 
• pressure. These are due probably to interference with the blood-supply 
(ischaemia) or to the action of the toxins. • * 
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2. Tuberculous pachymeningitis, unassociated with disease of the 
bone, sometimes occurs, especially in the cervical region of the cord. The 
dura-mater and the surrounding structures become greatly swollen and 
infiltrated with tubercle-granulations. 

3. Tuberculous leptomeningitis. — ^This is, as has been stated, generally 
associated with tuberculous cerebral meningitis, and is very frequently 
the starting-point of that condition — ^the infection having reached the 
spinal membranes, from the abdomen or thorax^ by way of the lymphatics. 
Minute, grey tubercle-granulations are seen on the surface of the pia- 
mater, at first especially in the cervical or the lumbar region, but, later, 
thrcAighftut the whole length of the cord, among the nerve-roots of the 
cauda equina, and also on the inner surface of the dura. The subarachnoid 
space may be distended with fluid winch is usually rich in lymphocytes. 

tuberculosis is often only with difficulty demonstrated in the fluid ; but is 
found, sometimes in enormous numfeers, in the granulations in the 
mening^3s. , 

4. Tuberculous granulations arc very rarely found in the substance 
of the cord itself without primary affection of the meninges. WJimi 
present, they are usually in the form of large, solitary, conglomerate 
tubercles, which give rise to areas of softening and myelitis (myelomalacia). 

SYPHILIS. — The conditions in the cord produced by syphilis arc 
analogous to those seen in the brain. There may be marked thickening 
of all the membranes, with involvement of the nerve-roots, and, usually, 
associated myelitis (mcningo-myelitis). Syphilitic endarteritis and peri- 
arteritis are always well marked. Gummata develop from the inner 
surface of the dura, or from the pia-arachnoid, and cause pressure 
upon, and softening of, the cord. Sometimes, but much more rarely, the 
gummata are found in the substance of the cord. Degenerations caused 
by syphihs in the conducting tracts will be dealt with later. 

I INJURIES OF THE CORD are rare, except in cases of fracture or 
dislocation of the spine, and in gunshot and other wounds, in which 
lesions the tissue may lacerated, crushed, or eypn torn across. 

CONCUSSION OF THE CORD, if severe, may give rise to a condition 
of degeneration, with paralysis of limbs, etc. 

HEMORRHAGE into the cord is rare, except in cases of direct injury. 

Petechial haemorrhages may occur as a result of severe concussioii, 
and are* frequently found around an area of acute softening — and these 
or larger haemorrhages have been described in shell-shock, in scurvy, 
in cerebro-spinal meningitis, etc. Haemorrhage into or on the meninges 
is found as a direct spread from haemorrhage into the brain. 

INFLAMMATION (MYELITIS) 

The terms myelitis and myelcmialacia are commonly applied, more or 
less promiscuously, to any softening of the spinal cord. The former tenn- 
is often inaccurately used in this connection, as, in many cases, the 
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condition is not a true inflammation, and is due to pressure, or to 
mechanical interference with the blood- and lymph-supply. 

Causation : — 

1. Such primary softening of the cord results from the action of bacterial 
toxins or other poisons. It either occurs in irregular patches, or 
in the lines of definite nerve-tracts. This condition sometimes follows 
such ^cute infective diseases as typhoid fever, influenza, pneumonia, 
dysentery, etc. It is saiQ to occur as the result of cold and chill, but 
these are to be regarded as only predisposing causes. Alcoholic subjects 
are said to be specially liable to myelitis; and syphilis, quite apart from 
the formation of gummata, is regarded by some authors as causal! 

2. A similar condition may follow injuries to the cord : pressure upon it 
by** tumours, tuberculous masses or abscesses, syphilitic gummata or 
meningitis: and infiltration of its substance by tuberculous masses, 
syphilitic gummata, tumours, inflammatory exudates, etc. 

3. It may result from vascular obstruction, whether produced by 
pressure on the vessels from outside, or by embolism, or by thrombosis 
in degenerated, often syphilitic, vessels. 

The condition may be disseminated, appearing in scattered areas, or 
extending throughout considerable portions of the cord without involving 
its whole diameter: or transverse, affecting a limited length of the 
cord, but involving its whole tliickness. The transverse form may 
be the result of direct injury in fractures or dislocations, or of pressure 
on the cord, though in some cases its cause is obscure. The diffuse or 
disseminated variety is the usual form seen in acute infectious diseases. 

Characters of the Lesiofl. — There is usually a varying of engorge- ^ 
ment of the vessels of the pia, especially over the affected area which is 
itself intensely congested and extremely soft — ^sometimes diffluent or semi- 
diffluent. Numerous minute haemorrhages may be present, and in some 
cases there is a moderate degree of meningitis. The normal markings, and 
the differejitiation of the component parts of the cord, cannot be made out. 
In the later stages of the forms due to pressure, thevcongestion subsides, and 
the softening, becoming more marked, spreads both up and down the cord. 

On microscopical examination, the blood-vessels are seen to be dis- 
tended, and round them, in the perivascular spaces, afe accumulations 
of leucocytes, mainly of the lymphocyte-type ; but .polymorphonuclear 
leucocytes, plasma-, and mast-cells may be present. Masses of pigment 
are sometimes found in the neighbourhood of the vessels. Tfle neuroglia- 
cells are swollen, vacuolated and multinuclear, and, if the process is slowly 
developed, the neuroglia itself is increased and the nerve-tissue relatively 
diminished. On transverse section, the nerve-fibres are seen to present 
great variations in their diameter, some being considerably swollen; 
whilst others are atrophied and somewfiat granular in appearance. The 
‘ axis-cylinder may be enlarged, broken up into granular masses, or even 
absorbed; the myelin-sheath distended And narrow, or broken up 
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and granular. The cells in the grey matter shew degenerative changes, 
arc swollen, and rounded in outline, the nucleus becomes eccentric 
and stains less intensely, and there is perinuclear, or perhaps com- 
plete, disappearance of the Nissl-granules. The protoplasmic processes 
may shew various stages of degeneration, from slight alterations in 
structure up to complete disappearance. Areas of secondary degenera- 
tion are seen extending for a variable distance both above and below 
the affected area. The ^hole diseased area often becomes infiltrated 
with leucocytes and degenerated neuroglial cells — ^tbe so-called compound 
granular corpuscles. 

In extreme cases, film-preparations shew fat-droplets, compound 
granular cells — ^probably neuroglia-cells wrhich have ingested disintegrated 
myelin and fragments of axis-cylinders — ^leucocytes, degenerated and 
vacuolated nerve-cells, granular .detritus, and, sometimes, bacteria. 

In cases in which the lesion is brought about by gradually increasing 
pressure, the changes are less acute than those described, and t'Ac grey 
matter suffers to a less degree than the white. 

•Ascending and descending degenerations in the implicated spinal 
nerve-tracts, paralysis and wasting of muscles, bed-sores, and cystitis 
and pyelitis from paralysis and infection of the bladder, are usual 
accompaniments of acute myelitis. 

The condition frequently becomes chronic; the fat, the granular cells, 
etc., arc absorbed; and a so-called grey softening results. In this stage, 
there is proliferarion of the neuroglial tissue — sclerosis — and the nerve- 
fibres and the nerve-cells to a large extent disappear. The neuroglial 
tissue appears looser and *more open. Retraction takes place, and, 
eventually, the softened area is replaced by a cicatrix or pseudocyst, and 
the motor and sensory conduction in the cord is interrupted. 

ACUTE ANTERIOR POLIOMYELITIS (INFANTILE PARALYSIS). 

This is a specific infective ami contagious disease, attacking especially 
infants and young chiklren, and is due to an ultra-microscopic organism 
which can be obtained from the spinal cord of persons who have died 
from the disease and from the cord of monkeys which have been 
experimentally infected with the virus, and which haye developed the 
disease. The organism has been grown on artificial media by Nogtichi. 
Epidemics have been observed in many countries ; and carriers, in whom 
the causal organism is lodged in the naso-pharynx, ajre definitely 
recognised as agents i]i the transmission of the disease. In the earlier, 
acute stage, the pia-mater is actively congested, and the sub-pial 
fluid considerably increased in amount. There is, frequently, definite 
meningitis. Both the grey and the white matter are acutely congested 
^the grey usually more than the white — ^and areas of softening may be 
detected. There is marked cellular infiltration with polymorphonuclear 
and other cells, in, and around, the walls of the J)lood -vessels, and 
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areas of hseroorrhage are not infrequently seen. The motor cells, in 
the affected areas in the anterior horns of the cord, undergo degenerative 
changes. The cells have a cloudy appearance and are slightly swollen, and 
the chromophil granules appear to be larger than in the normal cells. The 
nucleus may sh(^w chromatolj^'sis, the chromatin eventually disappearing, 
and the cytoplasm becoming granular and vacuolated. At a later stage, 
the affected cells become completely disintegrated. The non-medullated 
nerve-fibres are swollen, the neuroglia is increased, and there maylbe con- 
siderable infiltration with lymphocyte-like cells — ^these often collecting 
especially round the disintegrated motor-cells. The lesion is usually 
confined to one side, but is occasionally bilateral. The changes are 



Fio. 45(>. — Sect! mb of Cord yn the Cervical Jtegion, From ^ case of Infant! Jo Paralysis, 
shewing the atro})hy ol one anterior horn and chang^ in the white matter in the 
neigJibonrhood. (Stained with carmine.) X 5. 

found in the lu^ibar region when the paralysis afiects the leg, and in 
th(f cervical region when the arm is involved. Part, or the whole, of the 
anteridi horn may shew degenerative changes ; in the anterior commissure, 
partial destruction of fibres is sometimes found ; and the anterior nerve- 
roots and the muscular branches of the peripheral nerves are atrophied. 

In old-standing cases, the affected anterior horn, or part of it, is 
much smaller than that of the opposite side. Motor-cells — usually in 
diminished numbers — ^may still be present, some of them shewing a 
peculiar colloid character, due imbibition of fluid : others shrunken 
and degqjieratcd : and others, again, apparently normal. The localisaticga 
of motor functions to the Various groups of nerve-cells in the anterior 



FrtJ. 468 . — Degenerated Nerm-cdU, From the anterior horn of tho spinal cord in a case 
of Pellagra, shewing eccentric position of nucleus, disappearance of Nissl-hodies, loss 
of processes, etc. (Lent by Brs. Watson and Bigland, LiverpooU X 300. 
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horn furnishes the explanation of the limitation of the paralysis to certain 
combinations of muscles — for a study of a series of cases proves that 
certain groups of ceUs, as we have stated, are shrunken and degener- 
ated, whereas others are apparently uninjured. There is, usually, a great 
increase of neuroglia, the delicate fibrils of which form a loose reticulum. 
The nerve-fibres are almost completely absent. In some cases, the 
only change is in the motor-cells arid the delicate nerve-fibres — the 
neuroglia showing no variation from normal. The blood-vessels are 
sometimes thickened, and the perivascular spaces dilated. In all cases, 
there is descending degeneration of the motor-fibres associated with the 



Fig. 469. — Scctio7h of the Cord in the Lumbar Region, From a case of 
PoliomyelitiH. (Pal-Woigort Method.) X 8. 
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afflicted cells ; and the muscles with the function of which interference has 
occurred, also undergo degeneration — ^thc muscle-fibres becoming atrophied 
and occasionally replaced by fat. The other tissues — ^bones, blood-vessels, 
etcf — share, to a greater or less degree, in this atrophy, or — ^more accur- 
at(dy — in this atrophy combined with impaired growth and development, 
POLIO-ENCEPHALO-MYELITIS. — ^This name is given to cases of 
anterior poliomyelitis complicated by lesions in the cerebrum, such, for 
example, as haemorrhages below the level of the corpora quadrigemina 
(Wernicke’s disease), or acute bulbar myelitis with lesions extending above 
the bulb. In such cases, the nerve-tracts in the cerebral white matter 
are involved. Batten considers many of these cases to be due to throm- 
bosis of the small terminal vessels, and that this thrombosis, which may 
occur bofti in the brain and*in the cord, is bacterial or toxic in origin. 
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ACUTE ASCENDING PARALYSIS (LANDRY).— This disease is 
characterised clinically by the occurrence of rapidly developing paralysis, 
extending from below upwards, and without sensory disturbances, death 
supervening, as a rule, from involvement of the bulbar nuclei. Our 
knowledge of its morbid anatomy is still very indefinite, and the lesions 
found seem to vary in different cases. There may be no obvious naked- 
eye changes in the brain or spinal cord beyond a few capillary heemo- 
rrhages. Buzzard states that, on careful examination , especially in rapidly 
fatal cases, a varying number of the motor cells of the anterior horns 
atid of Clarke’s column shew chromatolysis, or more or less complete 
loss of chromatin, and excentration of nuclei ; whilst the myelim^sheiitlis 
of the spinal nerve-tracts and of the peripheral nerves#^ present a 
diffilse fatty change. The vessels are engorged, but there are no special 
peri-vascular changes, and the neuroglia shews no evidence of prolifera- 
tion. The similarity of the symptoms to those of acute anterior polio- 
myelitis, and the character of the changes found in the nerve-cells 
of the anterior horn of the cord, suggest that the disease is ^really a 
ver^ acute j’orm of anterior poliomyelitis produced by some ])owerful 
bacterial or chemi(;al toxin, and that death occurs before marked cell- 
degenerations and cell-infiltrations become manifest. 


DEGENERATIVE CONDITIONS OF THE CORD 

fn this group, we include a series oi diseases which are characterised 
by a iiiore or less c.omplete destruction of certain (conducting tracts and 
groups of nerve-cells in the spinal cord^ and in wliich the processes 
which bring about the ])athol(jgical changes appear to be degenerative 
rather than inflammatory, though, in some of them, there has been 
(h^scribed the occurrence of a preliminary, or, perhaps, antecedent, acute 
disease. The causes of many of th(‘.se’ changes arc still miknown, though 
some of them are undoubtedly syphilitic. The degeneration may be 
limited to one tract, or to one group of nerv(i-cells ; but, very commonly, 
combinations take placcfj two or more tracts posseting differed it functions, 
or certain conducting tracts and certain groups of neive-cells, being 
involved. The degciKjration may be ascending or descending, according 
as sensory, motor, or communicating tracts are affected. ‘ To understand 
the changeis thoroughly, an accurate knowledge of the anatomy and 
physiology of the spinal cord must first be obtained, but for this we refer 
our readers to textbe^oks of Anatomy and Physioh^gy or Neurology. 

A. — PROGRESSIVE MUSCULAR ATROPHY or POLIOMYELITIS 
ANTERIOR CHRONICA (ARAN-DUCHENNE). — ^This disease, especially 
occurring in adults, commences in the anterior horns of the grey matter 
txf the spinal cord, usually in the cervical region. Bcjginniug in 
one. horn, the condition tends to spread to* that of the op^site side. 
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The nerve-cells become shrivelled and lose their processes, whilst the 
jiuclei lose their affinity for basic stains. This degeneration and eventual 
disappearance of the motor cells of the anterior horn, which itself may 
remain unaltered in outhne, are associated with a disappearance of the 
fine nerve-fibres, and a moderate degree of overgrowth of the neuroglia, 
seen in the form of a meshwork of fibrils, among wl\ich are numbers of 
spider-cells. There is marked degeneration of the anterior nerve-roots 
and, to a less extent, of the peripheral mok)r-nerves, the ner^e-fibres 
connected with the degenerated nerve-cells being specially picked out 
by the change. In some advanced cases, the iierve-fibres in the anterior 
iieiVe-tbots may have almost completely disappeared, and been replaced 
by conneclive tissue. 

The atrophy may commence in the lower group of cells in the lumbo- 
sacral region, and then spread to all the groups in the lumbar enlarge- 
ment ; it, in some cases, extends upwards fronj the lumbo-sacral region 
until h\l the motor-cells in the cord are affected ; or it may, at first, be 
limited.to certain groups of cells in the cervical region — especially those 
parts which govern the muscles of the hand — but, in these cases, it^soon 
spreads to all the cells in the cervical enlargement. In this latter group of 
cells, in which the atrophy is the commonest, the muscles first affected arc 
usually those of the thenar and hypothenar eminences, the interossei, and 
then the muscles about the shoulder; but, in some cases, the condition 
spreads gradually and progressively to the other muscles of the limbs and 
trunk. The muscles undergo atrophy, and sometimes fatty changes — 
scattered individual fibres, or groups of fibres, being picked out in 
accordance with the distribution of the •degenerative changes in the 
corresponding motor nerve-cells. The sarcolemma-cells undergo prolifera- 
tion, and connective tissue is formed to replace t-he atrophied muscular 
tissue. In other cases, microscopigal examination shews a simple atrophy 
of the fibres, without special deviation from their normal structure. 
The muscular changes become more advanced as the degejierative 
processes in the cord ^nd in the motor i\erves progressively spread. 

PERONEAL TYPE OF MUSCULAR ATROPHY.- This chronic form 
of muscular atrophy is often hereditary — several members of a family 
may suffer from it, and the disease may be traced through several gencra- 
ti«ns. Sy many, the condition is regarded as a chronic multiple neuritis : 
by others, as a spinal disease due to an ascending degeneration of the 
peripheral^raotor-Jierves, degeneration of spinal ganglia and atrophy and 
loss of the nerve-cells in the anterior horn of the spina! cord, the 
anterior and posterior nerve-roots, the fibres in the posterior columns 
and even the motor-cells in the anterior cornua. Sclerosis has been 
found in the posterior columns, particularly in the postero-external. 
The intramuscular fibres, especially of the peripheral motor-nerves shew 
marked degeneration, and, at a late period, the sensory nerves are also 
affected. ^ ~ . 
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Pseudo-hypertrophic Muscular Paralysis is a disease which, in some respects, 
resembles progressive muscular atrophy; but, as no definite lesion has been 
detected in the spinal cord, it is now generally held that it is a primary 
affection of muscle. The disease appears to be hereditary, and attaclra 
especially male children. There is atrophy of the muscular substance, with a 
new formation of connective and adipose tissue between the fibres. The new 
formation may be so great that the bulk of the atrophied muscle is increased 
— hence the term “pseudo-hypertrophic*’ applied to the condition. In 
the late^ stages, no trace of muscle-fibres may be detected in the affected area'. 
The muscle-fibres, when stilt present, may retain their transverse striation. 
In some cases, the muscle-fibres shew proliferation of the nuclei, vacuolati on, 
splitting, and, often, a hyaline appearance. The lower limbs, especially the 
muscles of the calf, are generally the first to be involved, the condition sp^eadiTiig 
more widely later. {See j)p. 1 059-60. ) 

< 

AMYOTROPHIC LATERAL SCLEROSIS.— In this disease, there 
is a degeneration of the pyramidal tracts, of the nerve-cells of the anterior 
horns of the spinal cord, of the anterior roots, of the peripheral nerves, 



Fjq. 4(>0. — Voiy extensive Sclerosis of the Spinal Cord (the pale part is the 
sclerosed ]»ortion.) ( Pal- Woigert Method.) x 6. 

and of the muscles. The degeneration does not usually extend above 
the pons, but cases have been described in which the changes reach tiie 
cerebral peduncle, the internal capsule and even the moto^-coitex.* N©t 
uncommonly, there is also degeneration in the antero-later^l columns 
— between the anterior horns and the surface of the cord ; and, in some 
cases, there is also evidence of degeneration in the posterior colunms 
— especially the postcro-median column of GolL Degeneration of the 
middle third of the corpus callosum has been described. The cord may be 
diminished in size, especially in the cervical region. The dura shews no 
obvious pathological change, the substance of the cord itself is very finn in 
consistence, the hypoglossal and glosso-pharyngeal nerves and the anterior 
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spinal nerve-roots are thin and atrophied, and the pyramidal tracts are 
of a greyish colour. The condition is sometimes con toed to the cervical 
region, but frequently the lumbar region is affected, and occasionally the 
entire cord. In the majority, at any rate of advanced cases, there is 
degeneration, -with atrophy, of the giant-cells of Betz iu the precentral 
gyrus, these cells being the neuron-bodies of the cortico-spinal elements of 
the motor-system. According to Starr, this degeneration of the cortico- 
spinal elements begins in the ends of the axc»is in the spinal cord, and 
advances upwards until the whole neuron becomes atrophied. The 
atrophied nervous elements are replaced by neuroglial tissue. 

t)n ihicroscopical examination, varying degrees of advanced sclerosis are 
seen in the^ affected* areas. The contour of the horn is usually main- 
tained, but the cells in it arc scanty and shrunken, the nuclei absent or 



Fja. 461.— An insular area (pale) of Sclerosis lA the Spinal Cord. 

(Pal-Woigert Method.) X 6. 

displaced, the protoplasmic processes thin, short, or entirely absent, and 
the^ chromophilic elements (Nissl-granules) either entirely destroyed or 
remain^merely perinuclear in distribution. The changes in the medulla 
are often marked, and the cells of the hypoglossal nuclei may shew 
degenerative changes. Other nerve-nuclei (trigeminal, facial, glosso- 
pharyngeal, etc.) may share in the changes. The neuroglia is but slightly 
increased. The peripheral nerves, and the muscles supplied by them, 
shew a varying degree of atrophy, according to the extent of the lesion 
in the cord. 

C.— DISSEMINATED or INSULAR SCLEROSIS —In this condition, 
the cord is usually not altered in size, though it may be somewhat shrunken 
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and firmer in consistence at the level of the degenerated areas. The 
pia-mater may be adherent to the cord. On section, there are greyish 
patches, somewhat gelatinous in appearance and with rounded or angular 
outlines, scattered irregularly throughout the cord, and commonly 
associated with similar changes in the brain. On microscopical examina- 
tion, numerous leucocytes and proliferated cells are found in the. peri- 
vascular spaces. The walls of the vessels, especially of the arteriole^, 
may iJecome thickened, and, in them, the newly-formed fibrous tissue 
may present a homogeneous appearance, sometimes described erroneously 
as ‘‘ hyaline ” degeneration. The neuroglia is usually greatly increased in 
amount, glial fibres and the glial cells forming a dense net^f’otk, 
and there may be some increase of connective tissue especiaVy. round the 
vessels. The medullary fibres are, at first, swollen — ^the myelin-sheath 
being fragmented and the neurilemma-nuclei shewing considerable 
swelling. Later, the myelin breaks down and is absorbed, and the 
sheath blends with the surrounding tissue. The axis-cylinder is, at first, 
irregularly swollen, and has a beaded appearance. Eventually, it, becomes 
broicen across and is absorbed. Usually, however, some axis-cylinders 
persist. This form of sclerosis does not tend to spread, but may, in 
virtue of its position and the destruction of the axis-cylinders, interfere 
with the conducting tracts of the cord, and give rise to secoridary 
degeneration in these tracts. The sclerosis affects both the grey and 
the white matter of the cord. 

D.— SUBACUTE COMBINED SCLEROSIS.— This condition has been 
described as occurring in association with severe anaemia, especially in 
pernicious cases. Sclerosis may be evident in the posterior columns, and 
sometimes in the region of the crossed pyramidal tracts. The changes are 
observed especially in the mid-dorsal region of the cord. There is 
degeneration of the myelin-sheath and disappearance of the axis-cyUnder. 
The area becomes invaded with compound granular corpuscles and, later, 
there is an overgrowth of fibrous tissue. 

B.— PRIMARY lAeRAL SCLEROSIS (SPASTIC PARAPLEGIA), 

which is extremely rare, consists in complete degeneration of the crossed 
pyramidal tracts on each side. The degeneration begins in the external 
portion of the lower part of the crossed pyramidal columns, and,' gradually, 
the axons atrophy from below upwards and disappear; and are iepla 43 ed 
by a secondary hyperplasia (sclerosis) of the neuroglia. 

The change may spread throughout the whole cord, or be limited 
to a few segments, and extension to the anterior horas and the 
antero-lateral ascending and direct cerebellar tracts sometimes takes 
place. 

Microscopieal examination shews a primary sclerosis, with partial or 
complete disappearance of the nerve-fibres, an overgrowth of neuroglia, 
and, sometimes, a thickening of the walls of the blood- vessel. 
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F. — LOCOMOTOR ATAXIA. — By the majority of authors, this disease 
is regarded as of syphihtic origin. In many cases, however, it is difficult to 
trace a syphilitic infection. But the application of the Wassermann test 
to the cerebro-spinal fluid has shewn that a considerable proportion of 
cases give a positive reaction, though the reaction in the blood may be 
feeble or negative in an appreciable number of such cases. Various 
views are held as to its starting-point, some regarding it as a primary 
sclerosis of the posterior columns of the cord — ^JJarie views it as a sy^philitic 
lymphangitis of the posterior columns. Others hold that it is a primary 
degeneration of the sensory nerves, especially of their trophic nerve-cells 
iff iAie ganglia on the posterior nerve-roots, and that the change in the 
cord is reaJly an ascending degeneration. The neuron-bodies lying in 
the posterior spinal ganglia shew swelling, chromatolysis, vacuolisa^ion, 
pigmentation and, sometimes, fatty degeneration, at any rate in advanced 
cases; and it has been shewn that 'the degejieration in the posterior 
columns affects chiefly the fibres (exogenous fibres) which enter them 
througl^ the posterior roots. The association -fibres, which arise within 
the cord itself (endogenous fibres), from cells of the grey matter and 
connect the various segments with one another, are not affected in lesions 
of the posterior nerve-roots, and they always escape in locomotor ataxia. 
These facts strongly favour the view that locomotor ataxia is really a 
disease of the sensory neurons, producing degeneration of the exogenous 
fibres passing into the spinal cord from these neurons, and not a primary 
disease of the spinal cord itself. 

In the cord, the changes are usually most marked in the posterior 
columns in the lumbar or dorso-lumbar region; but, in rare cases, 
the cervical region is affected. The spinal cord may be smaller in 
diameter than normal, the pia is occasionally thickened and adherent 
over small areas on the posterior surface ; and the posterior nerve-roots 
may be diminished in size, the ganglia upon them shewing marked 
degenerative changes to be described presently. In other cases, the 
dura, pia, and posterior nerve-roots, may- appear normal. 

In the early cases, the changes are most marked in those parts of the 
external column which adjoin the posterior horns, and in the marginal 
zone (lissauer). In relation to this distribution of changes, it should bo 
noted that some of the fibres from the posterior nerve-roots enter at the 
apex of the posterior horn and turn upwards in the marginal zone 
(Lissauer) to enter the posterior grey matter at a higher level, whilst others 
turn downwards : further, that the fibres which degenerate earliest are 
the median fibres and their collaterals which are found mostly in the inner 
part of the postero-extenial column, and the fine fibres, referred to 
above, in the marginal zone (Lissauer). Again, the disease begins, in 
the majority of cases, in the neurons of the lumbar nerves, and, there- 
fore, in the early stages of the* disease the lumbar segments are prin- 
cipally aSected ; but, as the*condition advances, a larger number of ganglia 



1008 . SPECIAL PATHOLOGY 

i. 

are involved and a greater extent of tissue becomes degenerated in the 
posterior columns. At later stages, the posterior columns on each side 
may be affected to a varying degree in different parts of the cord. In 
the cervical region, the whole posterior column may be involved; or the 
degeneration may be confined to the external part of the postero-internal 
column (Goll), to the postero-external column (Burdach), and to the 
marginal zone (Lissaiier). In the dorsal region, the changes are more 
raarked*in the postero-internal column (Goll) ; and, in the lumbar region, in 
the postero-external column (Burdach) and the marginal zone (Lissauer). 
Tte degeneration, when present in the posterior nerve-roots, may be 
traced to the spinal ganglia — ^the cells of which, as has alrea(>y bfeen 



Fig. 462 . — Locomotor A taxia. Shewing the Sclerosis in the posterior 
columns. (Pal-Woigort Method.) X 6. 

4 t 

noted, may be shrunken, may stain very deeply, and shew excessive 
vacuolation, and a high degree of pigmentation. In advanced cases, 
there may be destruction of all the cells in >the affected ganglia. The 
changes in the peripheral, the cranial, and the sympathetic nerves, are 
variable, but are^all of a degenerative nature, the nerve-fibres* being 
affected, and the connective tissue increased. It is the sensory nerves 
which are particularly implicated, more especially the fine filaments 
supplying the skin and joints. In the cord, the degenerative conditions, 
in rare cases, tend to spread transversely to the lateral columns but, fre- 
quently, there is some degeneration in the posterior horns of the cord, 
and, rarely, in the anterior horns. 

. , Perforating nicer of the foot, enlargement of joints (Charcot’s Joint), 

and other trophic disturbances, may be associated with the conation. 
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G.— lEffiREDITARY SPINAL ATAXIA (FRIEDREICH’S DISEASE). 

This condition tends to occur in several members of the same family, 
beginning usually at an early age. The lesion is of a similar nature to 
that of locomotor ataxia, but, in addition, both the exogenous and 
the endogenous fibres are degenerated in the crossed pyramidal tract, and, 
generally, in the direct cerebellar and the antero-lateral ascending tracts. 



Fia» 463.-^Tuberculous (Pott’e) Diseafic of bodies of VortcbriP, producing 
• * pressure on the Spinal Cord. 

•* • 

• 

In the posterior columns, the postero-internal tract is affected throughout 
almost its entire length, and the postero-external to a much less extent. 
Almost the whole of the crossed pyramidal tract is degenerated. 
The cord is usually smaller than normal — ^this diminution in size being 
seen especially in the cervical region — ^and the pia is thickened. Thctc is 
an increase of neuroglia, with atrophy of the nerve-fibres. The increase 
in connective tissue is comparatively insignificant. There is atrophy of 
the cells in both anterior and posterior horns ; and the cells of Clarke’s 
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column are notably degenerated. Atrophy of the posterior roots and 
of the peripheral nerves may occur, but is not constant. It is generally 
agreed that the disease is due to an arrest of development of various 
systems of fibres in the spinal cord. 

H.— SECONDARY SCLEROSIS 

Secondary degenerations in the cord may be the result of direct injuries 
to, or of lesions which press upon, the cord. Thus, fracture-dislocation 
of the vertebrae, tuberculous disease, tumour or aneurism, syphilitic* 
gummata, or inflammatory exudates may, by pressure, or, in sorne 



Fig. 404 . — Section of the Cord from a case, of 1/ cm. i pi eg in. Shewing secondary Sclerosis 
(pale area) in the classed pyramidal tract. (Pal-V\i.)igert Method.) x6. 

by direct invasion of the substance of the cord, be the cause of secondary 
degenerations. As a rule, however, the degenerations ai;e due to 
interference with the descending tracts, or their centres in the brain, 
by hseraotrhage, softening, tumour-fonnation, etc. Thei main efiangg is 
a destruction of the medullary sheaths. With the loss oi the highly 
refractile substance of which these are composed, the nerve-fibres appear 
gre)dsh in colour — grey degeneration. Microscopically, in the afiected 
area, there is an increase in the neuroglia and a great.reduction in the 
nundber of nerve-fibres. There may be, in addition, a new formation of 
connective tisgue. 

• As a general rule, the degeneration follows the direction, in which 
the nerve conducts, and, therefore, * descending deg^eratton will be 
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found mainly in the direct and crossed pyramidal tracts ; but, particularly 
after transverse lesi<tos of the spinal cord, descending degeneration may 
also occur in other antero-Iateral colunms, e,g, the intermedio-lateral 
tract of Lpwenthal, the sulco-marginal anti^rior descending tract of 
Lowenthal and Marie, in the descending comnia*tract, and in other 
situations in the posterior colunms; whilst ascending degeneration will 
'occur in the posterior columns immediately above the lesion, if it is a 
transverse one in the cord ; but, at a higfier level, only the medi^tn 
* columns (Goll) show degeneration. » 

• .Degenerative changes may be found also in the direct cerebellar 
tract, and the antero-Iateral ascending tract, if the lesion is above the 
junction o^ the dorsal and lumbar regions. These degenerations ^may 
extend through var}dng lengths of the cord, depending upon the space 
which the various tracts occupy within it. 

The commonest descending degeneration is that which occurs in the 
pyramidal tracts as a result of some lesion in the brain, affecting its motor 
nervd-cfells, or the fibres as they x>ass downwards from these, e.g. a 
haemorrhage into the internal capsule. The degeneration* follow^ the 
fibres, and, therefore, will be seen in the following situations : — 

1 . On the same side as the cerebral lesion : 

{a) 111 the middle two-fifths of the crus. ^ 

(6) In the pyramidal bundles between the suxierficial and deep 
transverse bundles in the pons. 

(c) In the anterior pyramid of the medulla. 

(d) In the direct jiyrarnidal tract — the fibres affected in this situation 

being those which have not decussated at the point of observa- 
tion, or which do not decussate. 

2. On the side opposite to that of the cerebral lesion : 

{a) In the crossed pyramidal tract. 

(6) In the fibres of the direct pyramidal tract which have already 
decussated above the point of observation. 

The extent of the degeneration becomes less •as the fibres are traced 
downwards, because the bulk of both jiyramidal tracts becomes dimin- 
ished from above downwards. The degeneration occurs simultaneously 
throughoijt the*whole length of the fibres, and is only “ descending ’’ in 
the sense that it occurs below the site of the lesion, the trojihic nerve- 
ceTls of the neurons being at upper ends of these in the brain. 

If the interference with the descending tracts be in the. cord, there 
will be degeneration below the lesion, but only to a very slight extent 
above it. 

Secondary ascending degeneration may occur from pressure on, or 
injuries to, the cord, or from transverse or other form of myelitis, etc. 
The posterior columns and the. direct cerebellar and the, antero-Iateral 
(Gower’ aj tracts will be affected throughout their whole extent in th^ 
cord“”"the other tracts, if they suffer by the injury, in the various regions 
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in which they are situated. Thus, in the lumbar and lower dorsal regions, 
the whole of the ascending columns will be degenerated ; but, on passing 
upwards, the degeneration becomes limited to the postero-internal 
' columns and the ^rect cerebellar tracts. 

- PELLAGRA ; In practically all cases of this epidemic disease 
there is sclerosis in the posterior columns, and, usually, in the lateral 
pyramidal tracts. There is also atrophy of the nerve-cells of the anteriot 
horns of the grey matter (iig. 458). 

* The degeneration 'of the nerve-cells is very extensive, 



Fia. 466 , — Ascending Degeneration in the Postero tnternal (Coil's) Cdumn. The result 
of pressure by a tumour on the lurn bar part of the cord, (Pal-Woigert Method.) X 6. 

nucleus is pushed to 4 )no side and the rest of the cell shews marked 
chromatolysis. 

TUMOURS OF THE CORD are rare. Gliomas may occur, starting 
especially in the tissue around the central canal. Myxomas and sarcomas 
have been observed. Cystic conditions have already been 'discussed. 
Secondary involvement of the cord by tumours of the rpembranes o» of 
the bony walls of the canal: or by tumours which have ipvaded and 
eroded these bony walls, is common. 

PARASITES ; EchifiMoccus-cysIs and Cysticemis cdluloscB may occur, 
but are exceedingly rare. Trypanosomes are found in the cerebro-spinal 
fluid in cases of sleeping sickness. 
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DISEASES OF THE PERIPHERAL NERVES AND 

GANGLIA 

NEURITIS. — Under this term are included both inflammatory and 
degenerative changes, and it is not possible, for purposes of description, 
,to separate the two conditions absolutely, as true inflammatory changes 
may lead to those of a degenerative nature. ^ • 

The causes of the condition are grouped as follows 
1. NEURITIS OF TRAUMATIC ORIGIN.— The damage may be the 
fe^lt of gunshot or other wounds of the nerves, of pressure by tumours. 



Kia. 406 . — Longitudinal Section of a Degenerating Nerve. Shewing tho 
fragmentation of tho myelin. (Stain, osmir acid.) x2(K). 

aneurisms, or foreign^bodies, or by narrowing ^)f the foramina through 
which they pass, e.g. in cases of syphilis, tuberculosis, etc. In other 
cases, the nerves become implicated in scar-tissue. The changes which 
take place in the peripheral nerves after injury vary with the severity 
o^ the injury, and the degree of destruction. If the continuity of a 
nerve* is severed, secondary degeneration occurs throughout the entire 
peripherals part, which has been cut oJi from jfs trophic nerve-cells. 
The myelin breaks up into droplets and eventually, by’ the aid of 
the phagocytic cells derived from the proliferated neurilemma-cells, is 
absorbed; and the axis-cylinders disintegrate. In addition, many 
observers have found certain minor grades of degeneration in the central 
end of the nerve, extending u^ to the neuron-body. 

Following the degeneration, if the continuity of the parts be pre- 
served,* and in favourable circumstances, there may occur repair or 
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regeneration — complete or incomplete, as the case may be. As to the 
method by which regeneration is brought about, there is still some uncer- 
tainty, different views being held as to whether the repair starts from the 
distal end of the central or upper portion, or from the proximal end of 
the peripheral part. For ’convenience, we shall speak of the former as 
the “ central ” and the latter as the “ peripheral ” end of the divided 
or injured nerve. It is generally agreed that the proliferated cells of. 
the sheath of Schwann, htwever derived, become closely arranged in 
long, tubular strands. 

According to those who accept the central hypothesis, the reparative . 
process starts from the cut end of the proximal or central portion V)f the^ 
severed nerve. The original nerve-fibres, they maintain, either grow 
dowmv^ards into the peripheral segment; or a number of young axis- 
C 3 dinders arc formed by division of each original axis-cylinder at the 
first node of Ranvier above the ^oint of injury. These young axis- 
cylinders grow downwards into the original neurilemma-sheaths; or‘fresh 
neurilemma-sheaths may be formed from the proliferated neurilemma- 
nuclei^. 

The second or peripheral hypothesis was advanced in 1 891 , but, at that 
time, it was not seriously entertained by most neurologists. In spite of 
this, several workers on the subject, including Kennedy, Ballance, and 
Purves Stewart, have strongly supported it. Stated very briefly, tin', view 
which they maintain is that the peripheral segmeiit of a divided nerve 
degenerates completely. This degeneration begins in a few hours after the 
injury, and is nearly complete in from three to four weeks. In the old 
sheath, the proliferated cells, which are arranged in regular columns, act as 
neuroblasts or nerve-formative cells. Close to the nucleus of the neuro- 
blast, a young, somewhat wavy axis-cylinder is developed, which soon 
becomes separated from the nucleus. Epund this axis-cylinder, a delicate 
myelin-sheath is formed, the remaining neuroblasts forming the new 
neurilemma-sheath. The young axis-cylinders join end to end to form 
more or less continuous ^chains, but do not undergo full development 
until they have become united to the central end of the nerve. These 
observers further state that the existing axis-cylinders at the central 
end play an entirely passive part, until they become joined to the new 
peripherally-formed fibres. * ‘ , 

Fleming, 1 who supports this peripheral hypothesis, maintains, •ho Wr 
ever, that, in additioi^ new axis-cylinders are formed, at the central 
end of the divided nerve, from the old axis-cylinders. It seems probable 
that regeneration may take place by both methods. 

The regeneration after section is brought about in the same way as 
that following on degeneration; but the newly -formed cells and the 
developing axis-cylinders —being no longer guided by the remnant of 

• a 

» ^ B. A. Fleming, “ The Peripheral Theory of Nerye Regeneration witlf Special 
B^etence to Peripheral Neuritis,” The Scottish Medical and Surgical Jcmmal 
- Si^tember 1902, p. 193, ’ 
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the original sheath — may take a tortuous course, especially if the two 
ends of the nerve are widely apart. If a temporary “ scaffold ’’ or guide, 
e. g, strands of catgut, be placed between the ends, the regeneration is 
more rapid, and the course taken by the regenerating fibres is more direct, 
2. NEURITIS OF TOXIC ORIGIN,— This group includes most of the 
cases of multiple neuritis following infective diseases, e.g, diphtheria, 
typhoid and scarlet fevers, etc. : those caused by such substances as 
alcohol, carbonic oxide, carbon bisulphide, phosphorus, and the 
metallic poisons — ^lead, mercury, zinc, copper, etc. ; and those occurring 



Fia, 407 . — Transverse Section of a Nerve from a case of Myxoedema, Showing myxoinatouH 
aroaa in tho connoctivo tisKuo. 'I’horo aro also paiclios of tiogciiorativo change in tho 
nerve-fibrils thomsolvos. (Van Gieson's sitjin.) X(K). 

in such diseases as diabetes, acute and. othet forms of rheumatism, 
Bright’s disease, etc. Most of these last-mentioned instances are due 
probably to toxic substances — ^Ihe result of bacterial infection, or 
of disordered •metabolism. 

The neuritis of beri-beri, which some authors regard as infective 
in origin, is generally regarded as a result of disordered metabolism due 
to vitamihe-deficiency. Rose Bradford and hier fellow-workers have 
fecently described a filter-passing organism which they claim to have 
isolated from cases of multiple neuritis, and with which they believe that 
they have produced experimentally, in animals, multiple neuritis. This 
condition described by them must be regarded as a primary neuritis 
due to tdxins produced within the body by a specific organism. It 
begins cisually with more^ or less severe constitutional symptoms, and * 
might well be c]iasBed as acute infective polyneuritis. Their observations, 
however, need further confirmation. 
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In these toxic cases, the nerve-trunks become swollen and of a reddish 
colour, and there may be very extensive degenerative changes, producing 
wide-spread paralysis, as is seen sometimes in cases of diphtheria. In such 
cases, and probably also, in those due to lead-poisoning, changes occtir 
both in the nerve-endings in the muscle and in the muscle itself. In the 
nerves, all degrees of degeneration, from simple swelling of the medullary 
substance to complete destruction of the whole structure, may occur.- 
Usually, there is proliferation of the neurilemma nuclei. In cases due 
to diphtheria, the nerve-sheaths, the blood-vessels, and the lymph-, 
spaces, are sometimes the seat of inflammatory changes, and .the 
degeneration of* the nerve-fibres may go on side by side with ftie* 
inflammatory reactions. "* 

lit alcoholic neuritis, the process is generally subacute. The changes 
vary considerably, and paralysis, in some cases, occurs without 
much evidence of degeneration. 'The axis-cylinder is affected early, 
but, in addition, there is proliferation of the connective-tissue c(^ls of 
the endoneurium, perineurium, and epineurium. The blood-vesselj are 
dilat(54, and ^leucocjd, e-infiltration may be a prominent feature. The 
nerves of the legs are, in most cases, first affected, and may be the only 
ones involved. Similar changes are seen in Raynaud’s disease and in beri- 
beri. In the latter condition, the nerves of the lower limbs are specially 
liable to become involved, but the pneumogastric, the phrenic, and the 
vasomotor nerves of the face, are not infrequently affected. The most 
constant lesion, however, is in the muscles. The fibres are diminished 
in size, have a homogeneous appearance, and show proliferation of their 
nuclei, with, in addition, a considerable increase in the supporting fibrous 
tissue. 

In the neuritis due to minerai poisons, the axis-cylinders persist for 
a long time, but degeneration of the medullary sheaths takes place— it 
may be over only short lengths of the nerve, e.g. involving one or more 
intemodes of Ranvier. Very commonly, there are associated changes 
in the nerve-cells of th^ anterior horns ; and, in .certain cases, e. g. in 
lead- and in arsenic-poisoning, a thickening of the connective-tissue 
septa of the nerves and a leucocytic brfiltration take place. In lead- 
poisoning, the motor fibres are more affected than the sensory, the nerves 
of the forearms and hands being specially involved, producing the charac- 
teristic “ wrist-drop.” The nerves of the larynx are occasionally affected. 
Oculo-motor paralysis occurs, and optic nerve-atrophy is not iiffrequent. 
In arsenic-poisoning, the nerves of the legs are usually first affected. 

In the neuritts of diabetes, Bright’s disease, ete., a purely degenerative 
condition, without any evidence of inflammation, takes place; and 
changes of the nature of arterio-sclerosis are generally found in the small 
blood-vessels, and may be res^nsible for the nerve-changes. Regenera- 
tions are found in the posterior columns*of the cord, and in the cells 
of the anterior horns. The degeneration begins by the brea£iag-up 
of the myelin into short segments, and the change is confined largely to 
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the medullary sheath. Only a few fibres in a bundle may be affected. 
The axis-cylinders become beaded or varicose, but well-preserved. 
Degenerative changes, usually myxomatous in type, are found in 
nerves in some cases of myxoedema. ^ " 

3. NEURITIS DUE TO THE LOCAL ACTION OF AN ORGANISM^ 
e,g. the neuritis produced by leprosy, in which disease B, leprce is 
present primarily in the nerve-trunks. In the neuritis of leproi^, the 
nerve-lesion is confined almost exclusively, at feast in the earlier period 
of* the disease, to the connective- tissue sheaths of the nerves, theses 
sheaths undergoing considerable proliferation. In the cellular prolifera- 
tions, leprcB is found in enormous numbers. The changes in the 
nerves are secondary and degenerative in type. 

TUMOURS 1 

Neuromas. — True neuromas arc tumours formed by the actual pro- 
liferaticyi of the axis- cylinders, as well as of the accompanying fibrous 
tissue. The proliferated fibres are non-medullated, and form a very 
complex mass which, on section, is found to be composed of true nervous 
tissue. False neuromas are usually fibromas or myxomas, >Vhich have 
developed from the connective tissue in or around nerves. In these, 
there is no actual neoplastic overgrowth of the Tiervous-tissuc elements 
proper; but the connective 1 issue may penetrate between the nerve- fibres 
and split the nerve up into distinct bundles. The structure of the 
nerve-fibres which pass through the tumour, is usually unaltered, but 
partial or complete disappearaticc of the myelin-sheath may occur. 

After section of nerves, e. g. in amputations or in wounds, the distal 
end of the central portion of the divided nerve may become swollen and 
simulate a tumour. On careful examination, it is seen that the new 
formation is composed of granulation-tissiie, in which there is a 
limited amount of proliferation of true nervous tissue. These so-called 
amputation neuromas ” are thus, in the great majority of cases, really 
the result of an attempt at repair, and are not true tumours ; although, 
in very rare instances,* neoplastic growth supelvenes upon the re- 
parative processes. Such neuromas ” consist of bundles of nerve-fibrils 
embedded in an overgrowth of developing fibrous tissue derived from 
the ^ndoneuriunf and perineurium. 

Ganglion-neuromata have been described as occurring in the mesentery , 
the adrenals, and elsewhere. The tissue of the tumours contains nerve- 
cells and nefve-fibres. Those found in the adrenals are very malignant 
and are composed mainly of tissue resembling undifferentiated sympathetic 
neuroblast — and have been called neuroblastomas. The general view is 
that they are embryomas in which the neuroblastic tissue predominates. 

In Neuro-flbromatosis (von Recklinghausen’s disease p. 287), 
multiple nd&ules appear on thef peripheral nerves and are associated 
with subcutaneous swellings^ In these nodules, individual nerve-fibres* 
are found intersparsed among the fibrous tissue. 

^ 8oe also under Neuroma, p. 301. 
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DISEASES OF THE BONES AND JOINTS 

Bone consists of a dense matrix arranged in layers — the lamella) — imifi-egitatcd 
with lime-salts, chiefly phosphate, and containing irrugularly-shaped branching 
cellg (bone-corpuscles), enclosed in lacunae, from which run branching canal- 
iculi. The bony tissue may be either compact or spongy in character. In the 
spongy bone, the blood-vessels run in the interstices, supported by the marrow ; 
but, in compact bone, they are contained in the Haversian canals, round 
which the lamellai arc arranged in a concentric fashion. < 

Immediately under the periosteum, the bone is denser than at other parts, 
the lamellin here being pierced by canals for blood-vessels which jbih those 
in the Haversian canals. The periosteum is composed of two layers, the 
inner of which is highly vascular and contains numerous osteoblasts or bone- 
forming cells. 

Bone is formed by an ossification in connective tissue, and may or may 
not be preceded by the formation of cartilage. In the ossification of cartilage, 
the cells become enlarged and arranged in definite rows ; and, in the matrix, 
as well as in, and around, the cartilage- cells, granules of calcareous matter 
arc deposited. At the same time, the osteoblasts at the deeper part of the 
periosteum form fibrous lamellae, in which they themselves become enclosed 
to form bone-corpuscles. Later, the lamella) become calcified. This sub- 
periosteal layer bf bone extends inw’ards, the calcified cartilage being absorbed 
by it, and irregular spaces — the medullary spaces — are formed, which become 
filled with osteoblasts. These osteoblasts, in their turn, produce new lamelhc, 
which become calcified. The absorption of the calcified matrix appears 
to be effected by large multinucleated* cells — the osteoclasts. The regular 
himellce are not laid down till some time after birth. 

At a later period, the cartilage, at one, or more usually at both, ends of the 
long bones, begins to qgsify from a separate centre or centres. Normally, 
these epiphyses do not become joined to the shaft by ossification of the epi- 
physeal cartilages until the growth of the^bone is completed. The bones increase 
in length in virtue of a growth of the cartilage which intervenes between the 
shaft and the epiphyses, and a gradual extension of the of^sifica^ion into it. 
They grow in width by successive deposits of fresh bony layers under*' the 
periosteum, and, therefore, in operations in which bone is removed, 4t is ,im- 
portant, if possible, to injure the osteogenetic layer of the periosteum and the 
epiphyseal cartilages as little as possible. Some authors regarfl this osteo- 
genetic layer as belonging to the bone rather than to the periosteum, but, 
in our references, in the succeeding pages, to the formation of new bone, 
we shall assume chat this layer is periosteal. It is probable that, in the 
growth of bone, the balance between the osteoblastic and^ the osteoclastic 
processes is influenced by some Internal secretion. This may explain, in part, 
the imperfect development in rickets and .in cretinism. The overgrowth in 
acromegaly is associated with tBsease of the pituitary body ; and extirpation 
of the parathyroids in the rat is said to be followed by a diminution of the 
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Fw 468 — Transverse Section through Normal Vomj^ict Bone (Tibia). Showing tho Haver- 
^ which may also bo soon tho conoontnc lamellae. Fenosteum is 

shewi^Tt W by Professor Alexis Thomson, C.M.d.) X28. 



Fm 469 -Longitudinal Section of the Upper End oftheT,bia ofanlnfant. Shewing spicules 
* of MW^-deveteped compact bone, with layer of oat^blasts on tbeiT suifece; and 
01 now>y I ^ spaces of tho bone. The white spaces 


of the W The wWte 
are due to artifleia] retraction. (Lent by Professor Alexis Thomson, C.M.G.) 
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calcium-content in the blood and a defective deposition of lime in the bones. 
^ Calcification and ossification of cartilage may take place prematurely, and 
lead to a certain impairment of movement. This early calcification is 
frequently seen in the costal cartilages. In some cases, this is associated 
with a defective blood-supply, resulting from arterial degeneration. 

In intra-membranous ossification, the lime-salts are deposited in a fibrous 
tissue which contains numerous osteoblasts. 

Inf studying the diseases of bone, it should be remembered that tlie 
formative activity of this* tissue is retained more completely and efficiently 
*tban that of practically any other structure in the body : that the bones 
are constructed upon a definite plan which enables them to resist fhe 
various mechanical forces, of necessity applied to them : and that, there- 
fore, plastic overgrowth, guided by a definite architecturaf design, may 
tafee place under the infiuence of various stimuli. 

Thus, where fracture or bending of bones has occurred, there may 
be overgrowth of osseous tissue for protective purposes; but, in additioii, < 
there is a definite plan of reconstruction in order to meet the new lines 
along which pressure or stress may be applied to the injured bones. 

MALF6RMATIONS OF BONE. — A premature coalescence (Synostosis) 

of the bones, or of component parts of a bone, may occur, and lead to 
various deformities. Among the commonest of these malformations 
are synostosis of the sacro-iliac articulation, which leads to narrowing 
of the pelvis, either on one side, or on both sides, depending upon whether 
there is affection of one or both articulations; and synostosis of the 
epiphyseal cartilages in growing bones, which may bring about shorten- 
ing” — or, more accurately, deficient growth and elongation —and other , 
abnormalities in the long bones. The condition of premature synostosis 
of the cranial bones, said to occur in microcephaly, has already been 
described (see p. 905). There may also be abnormal osseous union 
between the bones of the tarsus or carpus, and, associated with this or 
distinct from it, absence of certain of the bones. Such malformations 
may be symmetrical on the two sides. 

Absence of bones such as the clavicle, the lower jaw, the patella certain 
bones of the skull, etc., may be a .congenital condition. Deficiency in 
the neural arches is seen in cases of spina bifida (see p. 992). Excessive 
and irregular growth of bone may be seen in gigantism dnd in .acro- 
megaly (see pp. 857 et seq,). , ^ 

Other malformations of bones occur, but are not ol sufficient patho- 
logical importance to call for description. 

RICKETS.— This disease is Kmited to childhood, and, usually to the 
first two years of infancy, developing usually between 4be seventh and 
eighteenth months of extra-uterine life, 

: JBttology.— Though the essential cause of rickets is still obscure, 
there seems to be little doubt that it is, to a large eirtent, CQunected in 
some way with improper feeding and bad^b^^gienle ijprrbuadlngs. It is 
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extremely common among the poorer classes. It has been pointed out,, 
however, that the disease often occurs in children who have been weakened 
by some acute disease, such as measles or scarlet fever ; and it seems 
probable that improper feeding and absence (jf fresh air and sunlight 
may act in the same way, by weakening the individual, and thus inter- 
feriiig with the normal ossification of the bones. Experiments on animals 
have shewn that, if the diet is deficient in “ vitamines,” the bo^es are 
fragile and easily break off at the junction of the shaft and epiphysis. 
The jaws are brittle and the teeth usually loose. There are marked 
swellings on the ribs at the bone-cartilage junction* Hsemorrhages into 
the^issues, such as are seen in scurvy, were marked in these experimental 
animals. Tarious chemical hypotheses have been propounded to explain 
the development of the disease — such as a deficiency of phosphorus or of 
lime-salts : or an excess of lactic acid, which, being a solvent of lime-salts, 
has been supposed to prevent their deposition in the bones. None of 
these hypotheses is supported 'by facts. Another possible explanation 
is tha^; the primary cause of the condition is an auto-intoxication origin- 
ating in the alimentary canal, and, in favour of such a iv'iew, is* the 
constant presence of gastro-intestinal disturbances in these cases. 

Some authorities have held that rickets is merely a manifestation of 
congenital syphilis, but, though syphilis may, and often does, occur along 
with rickets, there is, we think, no doubt that the two conditions are 
entirely independent, and that rickets may occur in children in whom 
congenital syphilis is, in the highest degree, improbable. 

Morbid Anatomy. — ^Rickets produces deformities, not only in the 
shape of the bones, but also in their strubtural characteristics. These 
changes are due partly to absorption, and partly to irregular but excessive 
growth. 

They manifest themselves in the following ways : — 

(1) Enlargement of the ends of the long bones, especially at and near 
the cartilaginous zone between the ossifying epiphyses and shaft. 

(2) Softening of all<»the bones. ” > 

(3) Thickening of the flat bones, e.g, the scapula, the pelvis, and the 
skull. 

(4) Deformities of the softened bones, produced usually by mechanical 
mehns. 

^ Enfargemeni of the ends of the long bones is seen best at the junction 
of the ribs with the costal cartilages— -the so-called beading of the 
ribs ’’ — and at the lower ends of the radius, ulna and tibia, but may 
occur in any of the long bones. The enlargement is due to an excessive 
formation of the structures which precede ossification, to an irregularity 
in the method of bone-formation, and to a retardation of the process. 
There is an abnormal increase in the amount of spongy tissue ; the bone, 
in whicl^ the irregular ossification is taking place, is much more vasculspr 
than normal ; an<i rlddish, vascular areas may also be seen in the cartilage. 
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The blue line ol cartilage which marks the junction of the epiphysis with 
the shaft of the bone is usually very irregular, considerably thickened, 
and in marked contrast with the uniform, well-defined narrow line seen 
in normal ossification. 

On microscopical examination^ there is a considerable increase in the 
breadth of the zone of multiplying cartilage-cells. The cells are in 
much ^larger numbers, and are arranged in rows which are. much mote 
irregular than those seAn in normal ossifying tissue. The individual 
^cells may be swollen, or may be smaller than normal — ^such variation in 
size being a marked feature of the condition. Calcification of the matrix; 



I . < 

\ 
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Fjn. 470 . — Longitudinal Section of Cof^todiondral Junction. From a case of Rickets, 
sliowini^ a very broad and irregular lino of ossification. (Lent by J’rofessor Alexis 
'J’homson, C.M.G.) x5. 

€ I' 

and of the cartilage-cells, is also irregular, some of the calcified cells 
lying close to the line of ossification, others being situated at considerable 
distances from it. Sometimes, the cytoplasm of the cartilage-cells 
calcifies, whilst the nucleus remains unaltered. This irregular calci- 
fication of the cells may take place close to, and be cont^inuous With, the 
bone, the uncalcified nucleus resembling a bone-corpuscle, and suggesting 
the possible transformation of cartilage-cells into bone-corpuscles. Blood- 
vessels are seen in the midst of the cartilage, having penetrated from the 
bone — ^hyaline cartilage being, under normal circum^ances, a non- 
vascular tissue — ^and, around the vessels, absorption and ossification may be 
taking place simultaneously. In the osteogenetic layer of the periosteum, 
an excessive formation of cells and an increased vascularity occur, and 
the osteoblasts may form a layer of considerable thickness. Bone may 
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i’lG. 471 . — Longitudinal tivctioffi of a Codo Chondral Jmcfion. From a case of Rickets, 
shewing the irregular zone of ossification at the line of junction between cartilage 
and bone. (Lent by rrofossor Alexis Thomson, C.M.d.) x4. 



Fro. 472 . — Lcmgitudinal Section through a Costo-Chondral J unction* From a case of Rickets, 
showing the swelling and irregular ossification at junction of bone and cartilage. 
(Lent by Professor Alexis Thomson/ C.M.G.) x 5. 
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be formed in excessive amount, but is usually very spongy in character, 
imperfectly developed, and, as a general rule, very vascular. The matrix 
is granular, the lime-salts being deposited in an irregular fashion, and 
true bone is not formed. Thus, the condition is rather one of 
calcification than of ossification, and the nevfi tissue has been described 
as “osteoid” tissue. The flat bones may become thickened. As a 
result^.of this pathological ossification, the bones may be enlarged, but 
the enlargement consist^ of soft, spongy tissue which is not able to 
^resist pressure or traction, and, in consequence, deformities of various 
kinds arise. ^ 



Fig. 473. — Longitudinal Section of a Coslo-Cliondral Jutiction. From a case of Ilickets, 
shewing irregular areas of cartilage (to the riglit) and very irregular masses (dark) 
of “ osteoid tissue. X30. 

C I 

Deformities of the Bones due to Rickets. — Thickening or “ clubbing ” 
of the growing ends of the bones is a common feature, which may persist 
in later life, though, in many cases, it ultimately disappears. The 
bones are usually short and thick, but, during the active course of the 
disease, they bend easily and give rise to various deforroities, which may 
become permanent when the soft rickety bones become^ denser and 
firmer, as they do when the active period of the disease passes off. 

In the long bones, the deformities due to mechanical agencies occur 
especially in the lower limbs, and take the form of curyatures, the two 
priumpal forms of which are Genu valgum and Genu varum. 

% Genu valgum, or knook*knee, there is usually a curving of the 
part of the femur — ^the convexity of the curve being inwards. Thus, 
the internal condyles of the femora are thrown together, and are placed 
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at a lower level than the external ones. The tibiae diverge from one 
another, but are not necessarily curved. The femur may, in addition, 
shew an anterior curvature, and the tibia a similar condition. In an 
advanced stage of the deformity, the knee-joints may cross each 
other. 

In Geiui varum, or bow-legs, the shafts of both the femora and the 
tibiae arg curved — the convexity of the curve being outwards. The tibia- 

usually shews the condition in much 
more marked degree than the femur. 
Anterior curvature may also be present. . 

Marked deformities in the bAnes* oi 
the arms are not so commoA. Partial 
or complete fracture of the long bones 
is — on account of their softness— liable 
to * occur in the earlier stage of the 
disease. In such an incomplete or 
" greenstick-fracture,” the convex^ sur- 
face of the bone gives way, but the 
concave does not. 

In the chest, the deformity may be 
very marked, and its effects serious. 
Besides the ‘‘ beaded appearance of the 
ribs, to which reference has already been 
made, there may be, during inspiration, 
and while the bones are still soft and 
yielding, a drawing in of the ribs, and the 
production of a depression which runs 
transversely from the lower end of the 
sternum across the chest, on each side, to 
the posterior margin of the axilla, about 
the level of the diaphragm. Another de- 
pression is produced which runs obliquely 
down the anterior aspect of the chest on 
each side, along the line of junction of the 
bony ribs with the costal cartilages. It is 
in the line of this latter depression tbat 
the “ beading of the ribs is seen. These changes cause a straightening ef 
the ribs, with a consequent pushing forward and bending of the sternum 
(pigeon-breast appearance). The deformities thus produced may greatly 
interfere with the respiratory movements, and, in cases in which other 
diseases supervene, may seriously complicate them. , * 

The softening of the vertebrae leads to the occurrence of curvature, 
which may be merely an exaggeration of the normal antero-posterior 
‘Curvature (kyphosis and lordosis). Lateral curvature (scoliosis) |lso fre- 
quently occurs. The spinal curvatures tend*to produce corresponding 



Fio. 475 . — Rickety Deformities of 
Tibia and Fibula, Note the flat- 
tening of the bones — espociiAly of 
the Iibula — and the sickle-shaped 
margin. (Edinburgh University 
Anatomical Museum, Catidogue 
No., Os. D. i. 23.) 
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deformities of the thorax and abdomen, and displacements and other 
abnormalities in their contents. The chief deformity in the pelvis is a 
pushing forward of the sacrum, and a consequent diminution in the 
antero-posterior diameter of the inlet — a condition usually associated 
with lordosis or exaggeration of the lumbar* convexity. In the skull, 
the bones may be thickened, the circumference of the cranium increased, 

• and the summit flattened, so that the frontal eminences bujge, and, 
in severe cases, the forehead may overhafig the face. The parietal 
eminences may also be very prominent, and produce — ^along with i^he 
protuberant frontal bones — the square or box-shaped cranium. The 
closurfe of the fontanelles is usually delayed. Occasionally, especially 
in the ociSpital region, areas of the cranial bones may be very thin and 
atrophied, and can be easily indented by pressure with the finger. • This 
condition, which is called Craniotabes, is a common manifestatioji of 
congenital syphilis, and it is doubtfuFif it occurs in rickets uncomplicated 
by that disease. 

In •rickets, recovery from the active disease very commonly takes 
place, but, usually, a varying degree of deformity , persists. A 
reparative process frequently supervenes, and a definite sickle-shaped 
ridge {see fig. 475) is produced aloiig the concavity of the shafts of the 
deformed long bones. This acts as a kind of buttress, and may con- 
siderably strengthen the bones, which, in after life, not infrequently 
become abnormally dense in character. It is common to find, in assoc- 
iation with rickets, enlargement of the liver, dilatation of the stomach, 
enlargement of mediastinal glands, gastro-cnteiitis, etc. 

SCURVY-RICKETS (INFANTILE SCURVY— BARLOW’S DISEASE):— 

This is really a scorbutic manifestation in a rickety child. 

Haemorrhagic extravasations arc common, and are found in the 
sub-periosteal tissues in the tibia and femur near the joints. Occasionally, 
the epiphysis becomes separated. Haemorrhages in the gums and from 
the mouth, nose, bowel and kidney may occur. The periosteum of the 
affected bone becomes thickened and unduly vascular, and the under- 
lying bone rarefied. New sub-p§riosteal bone may be formed, but this 

is always imperfect. 

* • 

* ACHONDROPLASIA. — In this congenital disease, the aetiology of which 
iS no€ known ^ the growth of those bones which are formed in cartilage, 
is deficicMt. The epiphyses of the long bones are enlarged, but the 
diaphyses ‘‘shortened,” c. there is deficient elongation.’ The frontal 
region of the skull is unduly prominent, and the base is proportionately 
diminutive. The mandible is usually prominent and the bridge of the 
nose depressed. 

Microscopically, the bones present many of the features of rickets, — 
the rovs of cartilage-cells in the epiphyseal line are irregular, and the* 
cells are enlarged and shew very little evidence of proliferation. 



1028 


SPECIAL PAHIOLOGY 


ATROPHY OF BONE 

True atrophy of bone is seen commonly in old age, and consists of a 
general diminution of the organic matrix, with an increased porosity, 
and a decrease in thickness, of the bone. This senile atrophy is well seen 
in the lower jaw {see fig. 47G), in the bones of the skull, and both in the 
sliaft and^at the articular ends of the long bones — ^the neck of the femur 
often shewing the change iA an extreme degree, with alteration in its 
angle, predisposing to fracture. 

Atrophy from disease is seen in the bones of the limb above the seat 
of an amputation {see fig. 477), or in a limb which, from paralysis br as 
a result of fracture or other injury, is not used. The atrophy ^sociated 
with farious nervous lesions is probably, in part, an atrophy due to 
disuse, and thus the atrophy seen in infantile paralysis, in pseudo- 
hypertrophic paralysis, and in locomotor ataxia, may be partly explained. 
The nervous mechajiism, however, has an important role in such cdfses, 
and, in some, e.g. in the atrophy following leprosy, the involvemonl^ of 
the nerves in the leprous lesion, with the consequent loss of their trophic 
influence, must be regatded — apart from the actual invasion of the bones 
by the infective process itself —as the main causal factor in producing 
the wasting of the bone. 

Atrophy due to pressure is illustrated in the erosion of bony structures 
such as the sternum or the vertebrae by aneurisms {see fig. 265, p. 559), 
tumours, etc., and the erosion of the skull by the Pacchionian bodies. 
The process, in these cases, is, however, rather one of absorption than of 
true atrophy. • 

The important and profound changes wliich occur in the bones in 
connection with tlie various reactions of the bone-marrow as a haemo- 
poietic tissue, have already been discussed in the Chapter on Blood 
Diseases, p. 586. 

w « 

OSTEOMALACIA ia espc-cially a disease of woinen, generally ctnii- 
nicnciiig during pregnancy, and gradually increasing during the whole 
period of child-bearing. It is relatively more common among the poor 
and ill-nourished ; and unduly frecjueiit child-bearing scema to play some 
part in its causation. In its early stages, it affects espcciidly the bones* 
of the pelvis, but, later, the disease may spread to the vert.ebraD,*the ribs, 
and the femora. The bones of the head, and those of the hands and 
feet, are implicated only in very exceptional cases. The affected bones 
are so soft that they can be readily cut with a knife ; and bending of 
them, wherever pressure is exerted, is a common result. In the pelvis 
(see fig. 4:78), the bones become compressed or pushed inwards at the 
acctabula — %, c. in the lines of pressure which pass through the hsads of 
t he femora — as well as at the sacrum, through which th% weight of the 
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Fig. 476. — Alroyhj of the Lower Jaw in otd Age, 'J'lio bono is j^roatly rodiiocd in size, 
gjdontiilous, ami with its alveolar border coinplotelv absorbed. ( Mdiiiliurgh University 
Anatomical Museum, Catalogue No., Os. li. b. 2.) 



Fig. 477. — (A.) Atrophy of Head and Upper Part of Sfuifi of Huvierns following upon 
amputation, (B.) Bead of oPpontle Bone for coinpanson* (Specimens lent by 
Mig Henry Wade, C.M.G., l).S.O.) • * 
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body is communicated. The symphysis pubis is pushed forward^ making 
a beak-like projection ; and the anterior surface of the sacrum shews an 
increased concavity, its promontory being carried forward. The cavity 
of the pelvis is thus narrowed, and the pelvic inlet becomes markedly 
heart-shaped or tri-radiate. From the nature of these distortions, the 
pelvis has been termed the crushed or beaked pelvis. The femora, and 
perhaps the other long bo|ies of the lower limbs, may shew marked 
bending; and, if the vertebrae are softened, there may be curvature 
and twisting of the spine in various directions. The ribs soften, and.so- 



Fig. 478. — “ Crushed Pelvis.” From a case of Osteomalacia. 


called “ spontaneous ” fracture occurs, the lateral diametA: of the chejt 
being narrowed and its antero-posterior diameter increased. , 

Changes in the affected bones. — There is a decalcihcatidn of the bony 
trabeculse near the medullary spaces and the Haversian canals — t. bia 
process gradually extending towards the surface. Associated with the 
decalcification, abwrption and atrophy of the trabeculse occur, and, thus, 
the medullary spaces are increased in size. These chang4 are usually 
very irregularly distributed. The decalcification commences at the 
.Surfaces of the trabeculse, often leaving the central part ossified. 

In the advanced condition, there may be merely a thin ^eternal 
layer of bone, surrounding ver>' spongy tissue, in which ealcareous salts 
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may be left only in very few areas. The bone-marrow shews usually a 
great increase in all its cellular elements, the large osteoclasts or multi- 
nucleated giant-cells being specially abundant ; and haemorrhages are not 
uncommon.. . • 

Stefanelli and Levi {Ttiv, crit. di din, med., August 1908) reported the 
^ isolation of a diplococcus from two cases of osteomalacia, and the repro- 
duction of the disease in a mild form in rats^ which had been iitoculatcd 
with this organism by Morpurgo — ^nine out of thirteen animals being 
affected. This work has not been confirmed, and the view commonly 



Fig. 479. — Section of a VeMral Body in Osteoimlacia, Shewing widening of the 
medullary spaces, with absorption of the bony trabeculae. xGO. 

held at present is that the disease is due to some pathological modifica- 
tion of the internal secretion fnun some of the genital organs. 

Forms of deformity of bones associated with chronic nephritis have been 
described as osteomalacia by several authors. In these cases, the bones are 
^oft and can readily be cut with a penknife, and the changes have been marked 
especially ^t the neck of the femur and the lower end of the radius or tibia, 
the bending of the bones being very marked. Infantilism is .frequently an 
associated condition. 


CIRCULATORY DISTURBANCES IN BONE 

Venous congestion and thsomhosis may occur in bones as in other 
tissues^and organs. 

Haemorrhage, either under the periosteum or into the bone-marrow, 
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may result from traumatism, or be a manifestation of osteomalacia, of 
scorbutus, or of purpura. The effused blood may cause separation of 
the periosteum from the bone, and so bring about necrosis. Extensive 
hasmorrhage into the bone-marrow may also occur in acute infective 
conditions, streptococcal septicaemia.^ 

INFIAMMATION OF BONE : OSTITIS or OSTEITIS, PERIOSTITIS; 
OSTEOMYELITIS * 

• The majority of cases of inflammation in bone occurs in childhood, 
when the tissue is still actively growing. The inflammation is wery 
often suppurative in character and due to pyogenctic jorganisms, 
either introduced directly by a wound, or carried by the blood-stream 
from some more or less distant infective focus, such as skin, tonsils, etc., 
to the bone and lodged there, possibly, in many cases, at an injured focus. 
In later life, inflammation of bone may be secondary to bullet or, other 
wounds, to septic infection spreading from the site of amputations, or 
to a compound fracture of any bone. In all these cases, the orgafiisms 
are mtroduced from without at the time of the injury — ^they are of the 
pyogcnetic type and the inflammation is usually suppurative in character. 

Abscesses form at, and in the neighbourhood of, the seat of injury, 
and may invade the medullary cavity, destroying the bone-marrow. 
Thrombosis of the veins is a frequent sequel, and, owing to disintegration 
of the septic thrombus, pysemic abscesses may be produced, especially 
in the lungs and the wall of the heart. The injury may be a slight one, but 
the fact that the inflammation occurs most commonly in bones which are 
exposed to ext/crhal violence, and that boys are more frequently attacked 
than girls, points to injury as having an important relationship to the 
disease. Though various pyogenctic bacteria may be the cause of such 
acute suppurative conditions in bone," Staphylococcus pyogenes aureus is 
the organism most commonly found, the term staphylococcal fever being 
sometimes applied to such cases. Any cause of general or local lowering 
of resistance, such as cefid or one of the cxantheihata, is a predisposing 
factor. 

c 

Typhoid osteitis is a well-recognised condition occurring during or after 
an attack of typhoid fever, and is of the nature of a subat5ute or chro^uc 
periosteomyelitis, most commonly in the tibia, but not infrequently in 
the ribs and sternum. • 

The characters of the lesions vary considerably, depending upon the 
virulence of the organism, the scat of infection, and the resisting power 
of the patient — such suppurative conditions of bone being most frequent 
in weakly children. The bones most commonly affected are the long 
bones, especially the tibiae; but the vertebrae, the ribs, and the bones of 

* . 1 Carnegie Dickson, The Bone-Marrow, Longmans, Green & Co., Lonc^in, 1908, 
p. 140. • 
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the pelvis, may also be attacked. In a long bone, the primary lesion is 
usually para-epiphyseal, i. e. in the shaft on the diaphyseal side of the 
epiphyseal cartilage, but may commence in the epiphysis itself. The 
bone-marrow is affected very early, and th^ inflammatory reaction 
spreads along the para-epiphyseal line and under the periosteum. Pus 
forms, fills the medullary cavity, invades the looser sub-periosteal tissue, 


and spreads to the bone itself. The Ispread to the 
neighbouring joint is usually arrested by the 
epiphyseal cartilage. 

, Jn some cases, especially the periosteum is involved 
(acute periostitis), and shews all the phenomena of 
acute inflammation and suppuration. The pus 
accumulates between the periosteum and the bone, 
and the latter, being thus separated from its main 
source of blood-supply, may undergo necrosis. In 
the majority of cases, the inflammation and sup- 
puratiofi tend to be more widely spread, and to 
involve the periosteum (periostitis), the bone (ostitis 
or osteitis) and the medulla (osteomyelitis); and pus 
may be present in the substance of the bone and in 
the medullary cavity. Necrosis of bone is common 
in these cases, and, as just noted, is due to an 
interference with the blood-supply, as well as to 
the local action of the bacteria and their products 
{vide Necrosis of Bone, pp. 1034-6). 

Localised abscesses may be found in bone, 
especially in the cancellous tissue at the extremities 
of the long bones, usually in close proximity to the 
epiphyseal cartilage, e.g. in the hctid of the tibia, on 
the diaphyseal side of the cartilage (Brodie’s abscess, 



etc.). These may be due to a primary infective 


condition of the bone itself; or may arise diAing 
an attack of typhoid fever, scarlet fever, measles, 
etc. These abscesses become surrounded by a dense 
wall of bgne. • 

* CHRONIC OSTITIS may be a sequel of necrosis 
of bone {see p,« 1036), the dead portion keeping up 


Fit!. 480 . — Necrosis of 
Bone. Shewing se- 
questrum (pale) in 
(jontre, surrountltjrl 
by tlie “now case.” 
(k. (J. S. Museum, 
Edinburgh.) 


the irritation ; or it may result from traumatic causes, round foreign 


bodies such as bullets, and round fractures, especially where union is 


delayed, or from specific, slowly-acting irritants such as those of 


tuber6ulosis and syphilis. The changes produced may be either of a 


formative or of a rarefying type. 


In the formative type, there is thickening of the bones, especially 
from mm formation on the surface, the deeper layer of the periosteum * 
proliferating anj}. giving rise to a species of granulation-tissue, the cells 
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acting as osteoblasts. This hew formation may also take place in the 
medullary canal, and the bone may become greatly thickened and 
condensed. 

In the rarefying type, the granulation-tissue cells act as osteoclasts, 
and bring about absorption of the bony trabeciilsb, thus widening the 
various spaces and channels — a condition which is seen especially in the 
shaftsH)f the long bones. ^ Usually, side by side with the rarefying process, 
there is also new formation taking place, so that, though the bones may 
become more cancellous, they may, at the same time, be increased in 
thickness. ' o f 



Fig. 481. — Scleroai^s of Phalthix. She\iing thickening of perh/steum and increased density 

of the subjacent bone formed from it, together with narrowing of medullary spaces. 

(Lent by Professor Alexis Thomson, C.M.G.) x45. 

CARIES OF BONE 

ft 

Caries is a term applied to the softening and destruction osf bone, 
and is seen especially in tuberculous affections, but may ‘also result from 
osteomyelitis, and be frequently associated with necrosis. The bone is 
extremely soft and spongy, and breaks down readily. Further reference 
will be made to this condition under Tuberculosis of Bone (p. 1041). 

NECROSIS OP BONE. — ^In necrosis, there is death of a portion of 
tone, this being "brought about principally by the separation of the 
periosteum from the bone by non-suppurotive or suppurativi' inflam- 
matory exudates, etc., and the consequent cutting ofPof the principal 
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source of blood-supply. It may develop also as a result of acute or 
chronic inflammatory changes in the bone itself, and is extremely 
common in connection with bullet- and other wounds and injuries, 
sequestra, in such cases, being frequently multiple when much splintering 
of the bone has occurred. 

^ Morbid Anatomy. — ^The necrosis may be localised, or may involve an 
extensive portion, or even the whole shaft, of ^ long bone, an epiphysis, 
or even some of the flat bones, e,g, the skull. The dead piece of bone 
sometimes retains its form and general appearance, but it frequently* 



Fkj. 482 . — An Osteo'phyie, in which the bone is undergoing absorption by osteoclasts 
lying adjacent to the bony irabcculsc. (Lent by Professor Atexis Thomson, O.M.G.) X 00. 


becomes white, opaque, dry, and very hard. With the necrosis, there are 
always associated inflammatory conditions, in the relation either of cause or 
of effect ; and the dead bone (sequestrum) becomes surrounded by a mass 
of granulation-flssue, in which ossification may take place. Thus an 
irregular efternal new case or shell surrounding the dead bone may be 
produced {see fig. 483) ; and, in this, the sinuses through which the pus is 
discharged remain as permanent apertures. This new bone is, at first, 
soft and friable, but, later, becomes thick and dense, forming the involu- 
crum, or case; and, eventually, it is strong enough to act as the shaft of 
the bone. A varying degree of absorption of the sequestrum may take 
place, arfd sequestra of smfiLll size are frequently discharged through a 
sinus. If the sequestrum is large, it may remain in position for years. 


1036 


SPECIAL JPATHOLOGY 


Phosphorus-Necrosis. — ^This condition, which occurs among phosphorus- 
workers, is supposed to be due to the local action of the vapour of yellow- 
phosphorus. The condition begins in the periosteum- — a great formation 

of new cancellous bone taking place 
on the surface of the upper jaw. 
Bacteria enter from the mouth, by 
way of carious teeth, and, after a 
time, the inflammation becomes sup- 
purative, with the result that separation 
of the periosteum, and necrosis, ^wbicli 
may involve the whole upper jaw, take 
place. The lower jaw may also be 
involved, and the sequestrum, which 
forms as a result of the necrosis, separ- 
ates very slowly. It has been stated' 
by several observers that this condition 
of phossy-jaw,’^ as it has been called, 
is, in reality, due to the presence of 
B. tuberculosis — ^the poisonous action 
of the phosphorus preparing the way 
for, and perhaps also acting in conjunc- 
tion with, this organism. The disease 
is now extremely uncommon, on 
account of the substitution of amor-* 
phous phosphorus for the yelk)w 
variety in the manufacture of matches,*' 
and we have not personally had the 
opportunity of testing the relationship 
of* tuberculosis to the necrosis. 

HYPERPLASIA AND HYPER- 
TROPHY OF^BONE:— 

In studying those conditions, a 

very noticeable feature is the great 

formative power whiah bone possesses. 

In almost no other stnicture ot the 

Fig. 483.— of Bone. Around body is such perfeet repair carried 
the bequestrum the new case has i • i 

been formed. From a patient with out ; and in 110 other IS ’there such a 

IMvensity^^^atomk'a/^ I)ower of reversion to a more primitive 

Catalogue No., Oa. D. d. 38.) type of Structure. The formation of 

new bone, ‘‘ callus,”* is thus a common 
phenomenon, and this formative capacity is not confined to the peri- 
osteum, but is also exhibited by th& tissues in the cancellous spaces, 
medullary cavity, and Haversian canals, i. e. osteoblasts and marrow- 
tissue, blood-vessels, lymphatics, nerves, etc. The ngw bone may thus 
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arise from the periosteum, or from structures in the medullary canal, 
and also from the cancellous and Haversian spaces within the substance 
of the bone itself ; and the ossification may spread to the surrounding 
parts, and often occurs in excess. In this excessive growth of bone, 
marked deviations from the normal sometimes take place and new lines 
of support may form in the architecture of the bone. 

'Etiology. — The causes of this excessive growth of bone majr -be 
divided into those which arc reparative in their ftature : those which arc 
truly hyperplastic and caused by various local or general irritants : and 
thoge jvhich are neoplastic. 

(a) REPAfeATIVE OVERGROWTH has been referred to under the 
formative type of chronic ostitis (pp. 1033—4), and will be again discussed in 
connection with the repair of fractures (p. 1039). 

(b) Hyperplastic overgrowth.-— it is impossible definitely to 

separates Some forms of hyperplastic overgrowth from those which are 
produced during the processes of repair. As a result of chronic irritation, 
there may be a true hyperplasia ; but the mode of production of the new 
bone is essentially the same as that which occurs in the process of repair. 
Thus, in the local formation of new bone in the region of chronic ulcers, 
or round a piece of necrosed bone, the new formation cannot be distin- 
guished from the bone which is produced in the filling up of the cavity 
from which the necrosed portion has been removed. A more general 
hyperplasia is seen in syphilis and in mercury-poisoning. In the latter 
“fiondition, the thickening of the bone is liable* to occuir* especially in 
young animals, and may be due to an interference with the normal 
absorption and modelling, rather than to an actual stimulative overgrowth. 

Overgrowth, essentially different in its causation from that occurring 
in repair, may take place in certain situations, and may be confuied to 
ceitain bones. Thus, in the conditioirof Acromegaly (q, v,, p. 858), there 
are enlargement and thickening of the bones of tl* fingcu's and toes, of 
the bones of the lower jaw, the maxillary part of the upper jaw, and tin*, 
malar, nasal, and frontal bones ; and, not unusually, there is thickening 
of the bonqp of the pelvis, together with minor alterations of a similar 
nature in the sternum, clavicles, ribs, vertebrae, and other bones. 

Locaf overgrowth of bone may occur at the sites of attachment of 
muscles on which there is special strain. These overgrowths c(3Jistitui.c 
the so-called osteophytes (see p, 1046, “ diaphysial aclasis '’)-'— the best 
example of this condition being furnished by the so-called rider’s bone ” 
at the lower attachment of the adductor magnus ; such osteophytes are not 
uncommon in cases which have previously suffered from rickets. 

• 

(c) NEOPLASTIC OVERGROWTH. — Definite bony tumours will be ' 
described later (p,,1045). 
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{d) OSTEITIS DEFORMANS (Paget’s Disease of Bone).— In this 
condition, there is enlargement, with general thickening, of some of the 
bones, especially of the tibiae, the clavicles, and the bones of the cranium. 

The bones are very spongy, and, 



thotigh greatly thickened, are 
much lighter than normal in 
weight. The surface presents a 
finely-pitted appearance. In the 
long bones, the articular ends 
are much enlarged, the medullary 
cavity is narrowed ; arid, in the 
lower limbs, the bonfes are usually 
bowed forwai'ds and outwards. 
At first, the changes are often 
more marked in one bone than , 
in others, and, usually, the bones 
of the hands and feet, sjiew no 
similar pathological changes. In 
the skull, there may be very 
great thickening, with oblitera- 
tion of the diploe. The head 
may shew enormous enlargement, 
’which may be asymmetrical, the 
temporal fossae become shallow, 
and the forehead prominent ^nd 
overhanging. The facial bonea 
are generally unaffected, and no 
marked narrowing of the fora- 
mina occurs. The dorsal and 
lower cervical spine may shew a 
marked degree of kyphosis, the 
ribs ar9 thickened and their 
curvature increased, but the 
pelvis is usually only slightly 


Fig. 484. — Paget' s Disease (Osteitis Oefonn- 
an«). Xho tibia; are eurved throughout 
whole length, with the convexity of 
the curve directed forwards. 'Phe circum- 
ference of the shaft is uiiifomily increased 
* from end to end. (Edinburgh University 
Anatomical Museum, Catalogue Nos., Os. 
D. k. 5 and 6.) 


affected, though, in rare cases, 
a condition resembling osteo- 
malacia has b^en desciibed as 
occurring in it. .Arterial de- 
generation is frequently associ- 
ated with tins condition, and, 


in some cases, ..atrophy, of the 
thyroid and suprarenal glands has been noted. 


On mieroscopieal examination, there is marked rarefaction from 
absorption of bone, with widening and^ increased formation of Haversian 
canals. 
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REPAIR OF FRACTURES 

When a bone is fractured, there is generally some laceration of the 
periosteum, and, it may.be, of the surrounding tissues, with result- 
ing haemorrhage. There .may be, and usually is, some displacement. 
Repair is brought about by the same scries of reactions as occur in 
the healing in an incised wround in a connecl^ivc tissue, with, in 
addition, the special processes of bone-formation; and the repair 
may, in the same way, be delayed,, or evert prevented, by lack of 
apposition of the fragments, by movement, and by the presence 
of tom tissues such as muscle, or of excess of effused blood, between the 
broken ehds of the bone, or by septic processes. In repair, the vessels in 
the bone, in1;he medullary cavity, and in the periosteum, become dilated. 
There is transudation of lymph with emigration of leucocytes. If appc^si- 
tion of the fragments is maintained, these reactions may last for from 
, one to six days. * 

On Ihe second or third day after the injury, the periosteum shews 
active, cellular proliferation, especially in its deeper part; and there is 
also proliferation of the endothelial cells of the blood-vessels. T^his 
proliferative change extends for some distance beyond the seat of frac- 
ture, and it also invades the periosteum, separating its different layers. 
Similar proliferative changes are seen in the bone itself, and in the marrow. 
Young blood-vessels, arising from pre-existing vessels, pass into this 
cellular tissue, and any effuse^d blood undergoes absorption. Thus, 
masses, more or less extensive, of vascular granulation-tissue, are formed. 

This granulation-tissue — ^many of the cells of which are multinucleated 
' and correspond with osteoclasts, whilst othere are of the i^ature of osteo- 
blasts — ^may become fibrous or cartilaginous ; but, usually, in the human 
subject, definite ossification takes place in its deeper layers, the new bone 
being formed in trabeculae continuous with the outer layers of the original 
bone. Contemporaneously with this new formation of bone, absorption 
and modelling go on. The changes, in fact, are exactly analogous to those 
seen in normal ossification. By the successive deposit of new layers, a 
large ensheathing mass of callus may be produced. In the interior of 
the bone, and between the fractured ends if there is displacement, similar 
masses of callus are produced. The internal callus may almost com- 
pletely fill the medullary canal ; whilst the intermediate callus:^specially 
if apposition ha^ been maintained — ^is usually small in amount, mid is 
probably in* part derived from the tissues in the Haversian canals, and 
in part by an extension both from the external and internal callus. 

The provisional callus, thus formed, undergoes absorption by osteo- 
clasts, new layers of bone possessing definite Haversian systems are laid 
down, and these are arranged so that they are adapted to the exact hne 
of strain — ^the internal architecture of the bone often becoming greatly 
modified, especially if the union ‘has taken place with the ends of the; 
bones out of position. * 
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Ina. 485.— Fracture of the Leg of a Mo^e. (12 day,s). Shcwiii!? tho masses of cnshcathing 
and uitermcdiato callus. The fractured ends of tho shaft of the femur (a and 6) 
of are displaced. (Lent by Professor Alexis Thomson, C.M.CJ.) x 15. 



Fra. 486.— Horizontal Fraotare of the. Internal Malleolus (three week.s). Shewing a zone 
of intermediate callus. (Lent by Professor Alexis Thomson, C.M.G.) X4. 
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Sometimes, and especially if the parts have not been kept sufficiently 
at rest, the proportion of fibrous tissue in the callus is greater than that 
of normal bone, and, In this way, imperfect union by fibrous tissue may 
take place. In like manner, a species of false joint may be formed, 
furnished, perhaps, with a cavity and with smooth articulating surfaces 
covered with fibrous tissue. 

* TUBERCULOSIS OF BONE is extremely common, and may produce 
very serious pathological changes. The infecting virus — B, tuberculosis, 
commonly of the bovine type — ^is carried by the blood-vessels or by th^ 
Ijm^hatics, and becomes lodged either in the periosteum or in the bone. 
Spread* may also occur secondarily from affected joints; but, very 



Kia. 487 . — Tuberculosis of the Os Magnutn. Showing oollular prolife ration, with tuberehv 
follicles (left, lower part), caseation, and absorption of bone. (Lent by Professor 
Alexis Thomson, O.M.O.) X28. • 

frequently, the bone adjoining the ^articulation is first affected. Cellular 
proliferath^n tajjes place at the seat of lodgment of the bacilli, and definite 
tul/ercle-nodules are produced. These nodules shew giant-celled systems, 
and, as these insrease in size and undergo caseation, the bony trabeculae 
become gradually absorbed. Necrosis frequently occurs, the necrosed 
portion becoming separated, and lying in a cavity which has softened, 
caseous walls. The necrosed portions (sequestra) may be very small; 
but they may be large and rarefied where the lesion is an acute in- 
filtrating one : or dense and sclerotic where the necrosis has taken place 
because of interference with thQ circulation. 

Carieg is a more frequent result of the tuberculous process, large area« 
of bone becoming irregularly softened and eroded, so that cavities lined by 
68 
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tuberculous granulation-tissue may be produced. The caries may lead to 
collapse of the affected bones, for example the bodies of the vertebrse in 
Pott’s disease of the spine {see fig. 463). Frequently, a process of necrotic 
softening resembling supjjuration develops — ^the so-called cold abscess — the 
contents consisting of caseous debris, pus-corpuscles, etc. This condition is 
best seen in lumbar or psoas^abscesses. The tuberculous process may infect 
the peijosteum either primarily or secondarily, and, if there is extensive 
infiltration, sub-periosteaPabscesses form, with necrosis of the underlying 
bone. The cancellous tissue is the favourite nidus for the commence- 
ment of the process ; but the earliest change may be seen occasionally yi 
the midst of dense bone ; whilst the periosteum, in certain cases, is the 



4 88 . — Caries of the Head of the Tibia and Articular Surface of the Patella, From a case 
of tuberciilosiH. (SheflBold University Pathological Museum.) 

starting-point of the affection. It is not uncommon to find tuberculosis 
more or less extensive in the bone-marrow, wliich may also be affected as 
part of a general miliary tuberculosis (see pp. 614, 616 and 619). The 
bones most commonly attacked are those rich in cancellous tissqjB, e. g, the 
vertebras, the bones of the hands and feet, and the extremities of the 16ng 
bones. The bones of the skull are not often involved, but tuberculosis of the 
temporal bone may occur secondarily to tuberculous disease oi the middle 
ear; or tuberculosis may implicate some of the bones at the base of the 
skull where the affection has spread upwards from the vertebral column. 

The tuberculous process is accompi^ed by the ordinary phenomena 
of chronic inflammation, as well as byjcarefaction, so that the surface of 
the bone is usually rough and shews irregular projections, the result of a 
* formative periostitis. It is not uncommon, however, to find a tuberculous 
sinus .surrounded by very dense bone. * ^ 
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Healing of the tuberculous area may take place, the caseous material 
being absorbed and replaced by granulation-tissue, and, later, by fibrous 
tissue, which may undergo calcification or ossification. 


SYPHILIS OF BONE 

The lesions affecting the bones in cases of late secondary and of 
tertiary syphilis usually have their 
seat in the periosteum, and are of 
the nature of a gummatous periostitis. 

Dnriiftg the more acute stage, there 
may be cojisiderable proliferation 
of the cells of the periosteum, and 
tlui formation of irregular periosteal 
nodes. As the gummata increase in 
size, tlip central parts become case- 
ous, and the bone underneath shews 
an irfegular eroded surface. In 
some cases, e. g. in the bones of tlie 
skull, this erosion is extreme, and 
necrosis, with the formation of 
sequestra, with a ‘‘ worm-eaten ’’ 
appearance, may be produced, and 
perforation perhaps supervene. The 
sequestra, in some cases, remain 
partially separated for years. The 
* gummata sometimes undergo soften- 
ing, and actual abscess-formation 
may arise. After the gummatous 
nodesdisappear, sub-periosteal thick- 
ening, with erosion, and even perfora- 
tion — which is seen especially in the 
cranial bones and in the^alate — may 
remain.' Associated with the nod es^ 
there are always changes which are 
referable t» chroftiic inflammation — 
the^ meijullary canal becomes nar- 
rowed or even filled up, and sub- 
periosteal thickening of the bone is 
a common feature. Thus, the bones 
may become much thicker, denser, 
and heWer than normal. 

The bones specially affected by syphilis are the tibia, the ulna, the 
parietal, occipital, and frontal bdnes, the clavicle, the sternum, and the 
ribs. The epiphysis of a hope is sometimes affected and involvement of 
the joint may result. 



Fio. 489. — Ttbice 


exhibiting Syphilitic 
" ■ 'EdinI ■ 

Cata- 


Nodes on their Shafts. ‘ (Edinburgh 
alA' 


University Anatomical Museum, 
loguo No., Os. I), e. 4 and 10.) 
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In certain cases, sypliilitic disease of a mucous membrane may 
spread to the bones and cartilages, and cause erosion and perforation. 
This condition is seen especially in the bones of the palate and of the nose. 

In the long bones, siJ)-periosteal inlBltration may lead to caries; and* 
gummata which are sometimes found in the cancellous tissue, either in 
the epiphysis or at the end of the diaphysis, may remain latent for a long 
time or may lead to a definite syphilitic osteomyelitis, with erosion of 
the inner compact layers of bone and even spontaneous ” fracture. An 
osteomyelitis of the phalanges (syphilitic dactylitis) is not uncommon in 
children congenitally infected. ^ ^ ^ 

In congenital syphilis, the bones of the skull may become, at parts, 
thinned and softened, and the condition of craniotabes be produced (see 
p. to27). In the long bmies, the cartilage-cells in the ossifying area may 
undergo marked proliferation, and be associated with irregular calcifica- 
iion of the matrix; and, beneath this ossifying area, there is sometimes 
an excessive formation of granulation -tissue or even of soft, fluid or semi- 
fluid, pus-like material. Separation of the epiphysis may oc6ui as a 
resttlt of tlie process. A definite syphilitic epiphysitis may occur in early 
infancy, especially in the bones ^ of the knee and in the head of the 
hvimcrus, but other epiphyses may be involved and several are often 
affected simultaneusly. 

ACTINOMYCOSIS, and the closely-alliod condition, MYCETOMA, may 
occur in bone, generally as a result of extension from adjacent parts. A 
periostitis is first produced, but, gradually, there develops caries, which, 
at first, is superficial, but, later, involves considerable areas of bone. 

LEPROSY may give rise to osteomyelitis and periostitis, but, in most 
oases, it produces caries and necrosis, especially of the phalanges. 

CURVATURES OF THE SPINE 

These need be referred to only very briefly. 

1. Antero-posterior^urvature : — • 

(a) Angular Curvature, so-called, is due to a local tuberculosis of the 
bodies of the vertebrse. The eroded* bodies are not able to support the 
weight of the body upon them and consequently give way, producing a 
more or less pronounced angle, the spinous processes becoming^ unduly 
prominent behind. The spinal cord is not necessarHy injured, lD>ut, 
frequently, it is compressed, and the cojiducting fibres are* interrupted 
(see fig. 463). In some cases, it may become involved by a direct spread 
of the tuberculous process. 

(b) Kyphosis. — In this condition, there is a marked ednvexitj^ of the 
spine backwards, generally most marked in the dorsal region. In its less 
pronounced forms, it is due chiefly to pauscular weakness, to emphysema 
br to the habit of stooping. Kyphosis is almost always present ki cases of 
acromegaly; and, in its most exaggerated forms, is usually due to rickets. 
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(c) Lordosis is usually confined to the lumbar region, where it con- 
stitutes an exaggeration of the normal lumbar convexity. It is generally 
a manifestation of rickets, though it may also occur in congenital disloca- 
*tion, and in ankylosis, of the hip. The convexity of the curve is forwards. 

2. Lateral or Rotato-lateral Curvature : Scoliosis : — 

In this condition, there is a lateral deviation, with a partial rotation of 
the vertebrae. This may develop 
in rickets ; or, in its milder forms, !"' 
it,n^y merely be the result of a 
bad habit in standing or sitting. 

Lateral curvature, of necessity, 
produces corresponding deformi- 
ties of the chest and shoulder- 
girdle, and also of the abdomen 
and pelvis, together with displace- 
mcnti> and other abnormalities 
of internal organs. One of its 
most serious results is extensive 
collapse of the lung. 

TUMOURS OF BONE :~ 

SIMPLE TUMOURS.— Fibro- 
mas may develop from the 
periosteum, and, in them, sjhcules 
‘ of bone are sometimes found. 

Chondromas may grow in the 
substaTice of the bones — ^producing 
expansion of them — or in the 
periosteum; or they may arise 
from the cartilages — ^most usually 
from epiphyseal cartilages or from 
displaced fragments of these — at 
the ends of the bones. They 
appear t(\ be of most frequent \ 
occurrence 
an& are 
fig. 490). 
myxomatous degeneration, which 

produces marked locahsed softening, and even the formation of cyst- 
like o£fvities — ^the so-called “ cystic ” chondroma. In some instances, 
they undergo more or less imperfect ossification. 

Osteomas may occur as exostoses or as enostoses . The exostoses are 
formed generally in fibrous tissue or in cartilage. They are frequently 
multiple, and ijjay be symmetrical. They have been divided into 


in rickety subjects, jna. 490 . — chondroma growing from hones 
usually multiple (see (Edinburgh University Aua- 

1 tomicul Museum. Catalogue No., Os, D. 

• They often shew p. o,) 
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the Ivory exostoses, when composed of very dense bone, and spongy 
exostoses, when of cancellous bone. Some are formed from cartilage, and, 
in these, a layer of cartilage covers the ossifying tumour as long as it is 
growing. The spongy cfostoses are found especially in connection with 
scats of attachment of muscles — ^the ivory ones being commoner on the 
bones of the skull. The enostoses are bony tumours which arise in the 
interioi»of the bone. Keith ^ maintains that the multiple exostoses are 
really due to a disordef of growth, and are not true tumours. He 
adopts the name, suggested by Morley Roberts for this condition — 
diaphysial aclasis.'’ In this disease, the normal ‘'modelling process/’ 



Fia. I xcd-ceUed Sarcoma of head of Tibia, invading the 

bone-marrow, x 75. 

m • 

is arrested, and, between the properly formed part of the shaft and 
opiphysdlEil end of the long bones, there is interposed an irregular cylinder 
of imperfectly modelled bone, on the surface of which there are, usually, 
several outgrowths. “Diaphysial aclasis ” is, according to Ihis view, 
primarily a disturbance of growth-discs, and of both tjie cartilaginous 
and periosteal elements comprised wdthin these discs. , 

Myxomas, Lipomas and Angiomas occur, but are rare. 

Myelomas, which are generally classed as sarcomas (myeloid sar- 
comas), are moderately common. They are usually localised, and shew 
comparatively little tendency to give rise to secondary deposits in the 
viscera or in lymphatic glands. They are found especially in the upper 

^ Keith — ^Report of Medical Society of London— Rri/. Med. Jour., December 27; 
19)9, p. 847. 
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I'lC!. 492 . — Myeloma of Shaft of Femur. Macerated and dried specimen, 
shewing expanded shell of bone. 



Fig. 493. — Malignant Adenoma^ secondary in the llih. (Primacy 
growth in stomach.) x75. 
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and the lower jaws, and in the cancellous tissue at the articular ends of 
the long bones. They may be round-celled, spindle-celled, etc.; and, in 
their growth, they sometimes cause considerable destruction of bone, 
which may become eroded or expanded (see fig. 492 ), and, as a result, so- 
callcd “ spontaneous fracture is very liable to occur. 

MALIGNANT TUMOURS.-^Sarcoigas are the commonest form of 
malignaipt tumour of bone. They may be primary or secondary, and' 
may grow from the pericifeteum or from the medulla. Those growing 
14)111 the periosteum may be round-celled, spindle-celled or mixed-celled, 
and the tissue of which they are composed is liable to undergo imper^ct 
ossification. Sometimes, this tendency is very marked, and the term 
osteosarcoma is applied to the tumours in which it is found. 

{Secondary sarcomas in bone, apart from those of melanotic type, 
are rare. 

Secondary cancers are very frequent, and any type may occur. The. 
bones may, indeed, shew very wide-spread nietastascs in cases of gastro- 
intestinal, mammary, and otlior forms of cancer, such cases usuafiy^pn'- 
senticig a profound degree of anaimia from destruction of the bone-marrow. 
In scirrhus and othcu* malignant tumours of the breast, secondary growths 
are extremely frequent in the bodies of the dorsal and luml)ar vertebrae, 
a matter of great importance to the surgeon from the point of view of 
prognosis in such cases. Occasionally, such implication of the bone- 
marrow in cancer is so extensive that almobt no part of the osseous skeleton 
escapes, the term diffuse carcinomatosis of bone lieing applied to the 
condition. 

« 

PARASITES 

Hydatids of bone occur, iind may be of the “ exogenous ” variety. 
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MALFORMATIONS 

DISLOCATIONS and DEFORMITIES of joiiits may be congenital or 
acquired. Among the most importaiit of the^e are congenital dislocation 
of the hip — which the head of the femur generally lies on the dorsum i^f 
th( 4 iliym above and beliind the acetabulum, which is usually deficient — 
and the various forms of club-foot (talipes varus, valgus, equinus, and 
calcaneus, or combinations of these), knock-knee (genu valgum), bow- 
legs (genu varum), and flat-foot — for full descri])tions of which reference 
should be made to surgical textbooks. 

1^ vsome of the forms of talipes, the deformity is congenital in origin ; 
in others it is due to paralysis of certain muscles, the remaining (mi para- 
lysed) ‘muscles pulling upon the foot and bringing about the deformity. 
In 'talipes varus, the evertors of the foot are paralysed, the foot 4)(‘ing 
inverted, and its inner margin raised upwards liy the unopposed tibialis 
anticus and posticus. In talipes valgus, with paralysis of the invertijig 
muscles, the foot is turned outwards, the outer border is raised, and th(‘. 
heel is usually drawn up from the unopposed action of the peronei, the 
extensor longus digitorum, and the gastrocnemius muscles. In talipes 
equinus, due to paralysis of the anterior muscles of the leg, the muscles 
of the calf are contracted, and, in consequence, the tendo Achillis and 
heel are raised and the foot extended. Vn talipes calcftneus, where th(‘- 
calf-muscles are paralysed, the heel is depressed, and the foot is flexed 
at the ankle, the contracted muscles being the tibialis posticus, th(^ 
peronei, and the extensors. Certain combinations of these deformities 
are of more frequent occurrence than the above-mentioned simple forms, 
talipes equino-varus being by far the commonest variety of club-foot. 

INJURIES. — ^Thes3 may give rise to laceratil)ns of the synovial mem- 
brane, hsemorrhagic extravasations, suppuration, tearing of ligaments, 
displacements of cartilages, dislocations, fractures, etc., but, for full 
descriptions o4 these, reference should be made to works on Surgery. 

* INFLAMMATORY, DEGENERATIVE, and PROLIFERATIVE 
CHANGES in JOINTS :~ 

(a) SIMPLE or NON-SUPPURATIVE ARTHRITIS. -In this con- 
dition, the synovial membrane is congested, and it and the articular 
cartilages become covered with a fibrinous exudate, the cavity being 
occupied by a clear or slightly turbid and viscid serous fluid, which may 
considerably distend it. At •.this stage — ^that usually seen in acute 
rheumatism — the disease may resolve, and the joint return to its nonhoX 
condition, suppuration practically never supervening in uncomplicated 
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acute rheumatic arthritis. In certain other types, however, especially if the 
joint has become infected by a perforating or an open wound, or during 
an operation, the inflammation may go on to suppuration. The synovial 
membrane becomes thickened, infiltrated with inflammatory cells, and 
converted into granulation -tissue. The condition may spread to the 
cartilage — ^this becoming softened and ulcerated — ^to the periosteum, 
and to tlie bone. Even in this advanced stage, the inflammation may’ 
subside; but there is usually left great rigidity, and even ankylosis of 
tl*e joint. The union may Ibecome fibrous or osseous in nature. 

in rheumatic arthritis, one of the writers has noted irregular area| of 
congestion in the synovial membranes, and from these areas a Streptococcus 
has been isolated, which has produced arthritis when inoculated intra- 
venously into rabbits.! A non-suppurative arthritis may occur in cases 
of pneumonia and of epidemic cerebro-spinal meningitis, due probably 
t-o toxins; and an analogous condition is not uncommon after injec- 
tions of anti-sera, etc. 

The joints may become involved by spread from a neighbouring oi^teo- 
myelftis, epiphysitis, bursitis, or cellulitis. Even the joint-affections due 
to the ordinary pyogcnetic streptococci and staphylococci, are not, in all 
cases, necessarily suppurative. More usually, however, unless in the very 
early stage's, those forms of arthritis are purulent. 

(b) PURULENT ARTHRITIS. — ^This may be due to the secondary 

infection of a primarily non-suppurative arthritis with pyogenetic 
bacteria; or it may be a purulent condition from the first. Thus, in 
wounds and in pyaemia, there may be an acute infection of the joints, 
witli very rapid •suppuratioTi,*and the whole joint-cavity may become 
distended with pus. Similarly, in diphtheria, scarlet fever, typhoid 
and paratyphoid fevers, pneumonia, epidemic cerebro-spinal meningitis, 
meningitis due to “ leptothrix ’’ or other organisms, etc., a purulent 
arthritis may occur; though, as has been stated above, these diseases 
may, in some cases, give rise to a non-suppurative form. The synovial 
membrane becomes conteited into suppurating gi’anulatioii-tissue, and 
that part of the latter which overlaps the edges of the articular cartilages 
assists in their erosion. Eventually, these cartilages undergo necrosis and 
absorption, the ends of the bones show rarefying osteitis, the p<yiosteum 
is inflamed and, later, now bone may be thrown out and osteophyfic 
projections developed. • • 

(c) GONORRHOEAL ARTHRITIS. — ^In this condition, there may be 
accumulation of turbid serous fluid, or even of pus, in the joint, and, 
within the cells of the exudate, the Gonococcus or Micrococcus gonorrheew 
may be found. More commonly, however, the inflammatoiy reaction 
resembles that seen in acute articular rheumatism, and the character- 

• 

• J. M. Beattie?, Experimental Work in Relation to JHHcrococcus rhcumoiticvs 
and SireptococcMs pyogmes,'' Jour, Med., Resmrcji, January 1906, ^ol ix. 
No, 2, pp. 399-421. ^ 
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istic organism may be found in the exudate only after prolonged search. 
The larger joints are more commonly affected than the smaller ones — 
the knee-joints being involved in about seventy per cent, of the cases, 
and the ankle in about twenty-five per cent. 

{d) GOUTY ARTHRITIS . — In this condition, the urate of sodium is 
deposited, generally in the form of acicular crystals, in the tissues of, 
and also in those surrounding, the joint. At first, the deposit takes place 
in the cartilages, especially towards the surface : and, later, in the synovial 
membranes, the ligaments, the bones, andMlie soft tissues round the 
affected joints. Some authors regard a primary degeneration of the 
cartilage and cartilage-cells as an essential preliminary to the deposit 
of the urates within them. 

The crystals cause considerable irritation, and produc^e acute, sub- 
acute, and chronic inflanjUiatory conditions. Suppuration never oc.curs 
in uncomplicated gout. The joints most frequently involved are the 
small articulations of the hands and feet. (See p. 69). 

\ey CHRONIC RHEUMATIC and RHEUMATOID ARTHRITIS (Osteo- 
arthritis, Arthritis Deformans).- The changes in the joints iji thet^je two 
conditions are very similar, and some authorities look u})on them as 
identical. Until more information is obtaii^ed as to the causal agent, 
the classification of these chronic joint affections must remain in a very 
unsatisfactory position. Poynton and Paine describe a condition simulat- 
ing chronic rheumatic arthritis occurring in a rabbit which had received 
an intra- venous injection of a streptococcus isolated from a case of acute 
rheumatism; and one of the authors has produced, by intra- venous 
injection, and also by direct injection of a similar organism into the knee- 
joint, chronic arthritis with proliferative overgrowth and ulceration of 
cartilage. These experiments seem to point to the relation of some forms 
of the disease to acute rheumatism, a fact boDie out by clinical experience 
in the human subject; but true rheumatoid arthritis has not been pro- 
duced experimentally, and there is, apparently, as yet very little clinical 
evidence that it is in^any way related to aciite^^ rheumatism. 

(i) In Chronic Rheumatic Arthritis, i. e. the chronic form of ariliriiis, 
which is a sequel of, or allied to,^acute rheumatism, the changes are very 
similar to these found in rheumatoid arthritis, but they are not usually 
so extensive. 

(ii) Rheumatoid Arthritis occurs especially in women, and alfects first the 
smaller joints of the hands and feet. The wrists, knees, and ankh^s may 
be affected comparatively early; and, later, the vertebral and tern jxiro- 
maxillary joints may become involved. In the early stages, the changes 
appear particularly in the synovial membranes, which shew an increased 
vascularity, and become somewhat thickened. There is, usually, excess 
of synovial fluid. The synovilil fringes enlarge, and papilliform project- 
ions are formed at the margins of the joints. These are produced bv Sl 
proliferation of, connective tissue covered by serous membrane, and, in 
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ance. At a later stage, erosion takes place, the articular surfaces being 
.at parts rubbed away by friction; at the same time, proMeration oi 
the cartilage may cause it to extend beyond its normal limits; and, if 
this overlapping cartilage becomes calcified or ossified, considerable 
deformity (‘‘lipping,” etc.) of the articular surfaces may be produced. 
The cartilage becomes somewhat translucent. Tliough the articular 
* ends of the bones may, for a considerable period, shew little paj^hoJogical 
alteration, there may be exten- 
sive softening of the bones, 

^and, in some cases, enlargement. 
tL surface, where deprived of 
its cartilage, may become 
smooth and polished — eburna- 
tion (see fig. 495). Associated 
with the changes whicih have 
been described, there is often 
coigsiderable thickening of the 
ligaments and other fibrous 
structures round the joints, 
great muscular wasting, and 
marked impairment of the 
movements of the joints. There 
may be ankylosis. 

Organisms (bacilli, strepto- 
cocci, staphylococci, etc.), w^hich 
have been regarded as causal, 
have been isolated, by various 
observers, from cases of chronic 
rheumatoid arthritis, and 
c h r o n i c rh eu mat ic art-hrit is . 

One of the authors (W. E. C. D.), 
in a large numbeTi of cases 
of chronic rheumatic arthritis 
(and from cases clinically in- 
distinguishaljje from chronic 
rtieumatoid arthritis) has isolated streptococci, from the uihie, and com- 
*paralively small doses of vaccines prepared from these organisms hav(^ 
produced intense reactions in the affected joints. Such cases, very 
frequently, had some septic focus in which streptococci predominated 
or were even the only organisms present. He considers that this — 
in addition to the amelioration of the joint-condition under such treat- 
ment, and on the removal of such septic foci in the teeth, tonsils, nasal 
sinuses or elsewhere- -is evidence of the possible causal relationship 
between the streptococci and these forms of chronic joint-affection.* • 

STILL’S DISEASE.“In this condition, there is stiffness and fusiform 

♦ 



Fic. 495 . — CItroviC liliHiiymlotd Arlhniis. Tho 
articular eiul.s of tho tibia and foniiir, 
.shewing eburnation of tho .surface of tho 
iiitcnjal tuberosity and tho internal con- 
dyle, with antero-po.sterior grooving. The 
articular surfaccH also .shew lipping. (Edin- 
burgh University Anatomical Museum. 
Catalogue No,, Os. E. g. .‘17.) 
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swelling of the joints, due mainly to synovial and peri -articular thickening. 
The cartilages may become pitted and eroded, but the bones are not 
usually affected, and ankylosis does not occur. The disease, which may 
closely resemble rheumatoid arthritis, commences usually before the age 
of the second dentition, and is characterised especially by hard, painless 
enlargement of the lymphatic glands, and, frequently, by splenic hyper- 
plasia* jMuscular atrophy is a marked feature round the affected joints — 
knees, ankles, wrists and nedk. Numerous joints may become successively 
inyol ved. The condition is gdtierally regarded as a chronic infective arthritis. 

SENILE ARTHRITIS. — ^This form of Osteo-arthritis^ which is regarded , 
by some authors as an extreme degree of rheumatoid arthritis, occurs 
(\sp(UMaJly in the hip-joint. The articular cartilage becomes softened and 
lustreVss, and its matrix fibrillated. Erosion of the cartilages takes place, 
and this, combined with an associated proliferation at their edges, gives 
ris(^ eventually to the formation of osteophytes. The head of the femur 
becomes enlarged. The proliferative outgrowth at the articular margins 
may be very considerable, producing an irregular ring, or everted lip, of 
bone eiunrcliug the head. A similar projection of bone may occur at the 
margin of the acetabulum; and, in this way, very great impairment of 
movement may be produced. The head of the bone becomes worn away, 
sometimes to an extreme degree, and the surface may become polished 
and enamel-like at the areas of contact at which the bones grind against 
oTie another (eburnation). The cancellous bone may become attenuated 
and absorbed. Boiiy ankylosis does not occur. The synovial membrane 
may shew villous overgrowth and considerable fatty invasion. In this 
condition, there is no exudatioh into the joint-cavity. 

Many authorities ^ regard Rheumatoid arthritis and Osteo-arthritis (arthritis 
deformans) as entirely different conditions. They maintain that, in the latter 
condition, the ostoophytic outgrowths and, the erosion of the central portions 
of the cartilages are specially characteristic, and that these may be entirely 
absent from cases of rheumatoid arthritis. 

PROLIFERATIVE OIjrEO-ARTHRITIS DEFORMANS (Spondylitis 
Deformans). — ^In this condition, which is not strictly a disease confined 
to the joints, bony outgrowths occur at.the articular margins, especially 
those of the vertebrae, or at other parts of the bone. They may cause 
considerable deformity, and may lead to extensive ankylosis {see fig. 496).. 
If occurring during the period of growth, deformities of the spine ‘may* 
arise, and serious effects may be produced by pressure on nerve-roots, 
etc. The disease is not confined to the human subject, but is found also 
in horses, cattle, and other animals. 

NEUROPATHIC ARTHROPATHY. — This term is applied to ceitain 
destructive and proliferative changes which occur in joints in association with 
various nervous diseases, e.g, locomotor ataxia, syringomyelia, etc.; and 

\ A. E. Garrod, “ Rheumatoid Arthritis, Osteo-arthritis, Arthritis Deformans,” 
A System of Medicine, Albutt and Rolleston, Vol. III.,®. 3, Macmillan & Co”., Ltd.. 
1907. ’ .. 
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which are supposed to be due to neurotrophic disturbances. The special joints 
afiected seem to have some relationship to the particular region of the spinal 
cord in which the degenerative lesions in the nerve-cells and tracts or fibres 


occur. Thus, in locomotor ataxia, 
the joints of the lower extremities, 
and especially the knee-joints, are 
affected in a large proportion of 
.the cases; whereas in syringo- 
myelia, which is found usually in 
the cervical region of the cord, 
the joints of the upper extremities 
are generally involved. The patho- 
fo^caU changes in the joints, in 
these case^ are essentially siniihar 
to those seen in the various forms 
of chronic arthritis- -viz. destruc- 
tion of the cartilages, and pro- 
liferative overgrowth of the synov- 
ial irifmbrane and of the articular 
ends of the bones, and, in some 
casea^-, Ynarked atrophic changes. 
Rapid effusion may take place into 
the cavity of the knee-joints 
(Charcot’s joints) when they are 
thus involved ih the course of 
locomotor ataxia. 

CHRONIC HYPERTROPHIC 
(PULMONARY)OSTEO- ARTHRO- 
PATHY.— This condition, 
the pathology of which is at 
present unknown, is characterised 
by an enlargement of the distal 
extremities of the terminal pha- 
langes of the fingers and toes, and 
also by swelling of the bones of 
the wrists and ankles, elbows, 
knees, and even of the distal ends 
of the radius, ulna, tibia, fibula, 
etc. The condition is associated 
with chronic diseases of the lungs 
and pleura ; and an analogous 
condition may be found in con- 
genital diseases of the heart, 
especially pulmonary stenosis and 
incomplete development of the 
inter-ventriculsfr septum. 

TUBERCULOUS DISEASE 
OP JOINTS. — This disease, 
which is of most frequent oc- 
currence in children, commences 



Fio. 496. — OsteoarthritisDeforjmns{Sponr]f/l- 
%iis Defortruins) of the, reriebrm, produc- 
ing ankylosis. Note the nodular masses 
of new bone, bridging across the inter- 
vertebral di.scs, and costo- vertebral joints. 
(Edinburgh University Anatomical Mus- 
eum. CJatalogue N., Os. F. c. 2.) 


generally in the synovial mei^brane ; though, in some cases, the bone 
is inva^led first, and the joint becomes involved by direct extension* 


through the sjgiovial membrane or articular cartilage. In either form, 
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the synovial njernbranc becomes thickened and gelatinous in appearance 
(the so-called gelatinous degeneration), and shows numerous outgrowth^, 
especially of the synovial fringes. At a later stage, the membrane is 
converted into a soft, pultaceous material, which covers the articular 
surface. The articular cartilages become invaded, softened, eroded, 
or ulcerated, especially towards the central part,. Even when the 
destructive change has become very pronounced, pinkish, semi-caseous 
granulations may be seen<"at the margins The bone becomes invaded, 
and the medullary spaces ure filled with tuberculous granulation -tissue, 
and widened by absorption of the bony trabeculae. Thus, the bone 
becomes softened and very spongy, and extensive areas of destruction 
by caries may occur. The ligaments and tissues round the affectiHl 
joint become oedematous, swollen, and converted into tuberculous granula- 
tion-tissue. Spontaneous rupture of the ligaments may occur; and 
sinuses, communicating with the ilUrface and leading into the cavity of 
the joint, are a frequent manifestation of the condition. On microscopical 
examination of the tissues, typical tubercle-follicles, in all stages of 
devejopmenti, may be found. 

In the neighbourhood of the tuberculous joint, there is, in many 
cases, in addition to the destructive changes, a considerable amount of 
irritative new formation of bone, and, thus, irregular outgrowtJis may 
be produced. 

SYPHILIS OP JOINTS.—In acquired syphilis, the joints are some- 
times aff('ntod, and a chronic arthritis, characterised by the presence of 
gummata in the synovial membranes or in the tissues round the 
joint, is seeii. cCicatricial cemtraction may occur, producing irregular 
scars. A syphilitic chondro-arthritis, in which the synovial membrane 
is thickened and its fringes are hypertrophied, has been described. The 
cartilages may shew pitted erosions ; and erosion and eburnation of bone 
may be present. The synovial membranes frequently shew gummatous 
infiltration. 

In congenital syphilis, there may be arthritis with exudation into 
the joint-cavity, which may come on very rapidly, and which is very 
often bilaterally symmetrical. The capsule of the joint may become 
thickened, and ulceration of the cartilages may occur. Gummatous 
infiltration of the tissues round the joint may extend into the cavity, 
and give rise to inflammatory changes there. “ Charcot ” cud othef’fornis 
of affection of the joints, seen in locomotor ataxia, which most authorities 
regard as due to syphilis, are referred to on pp. 1008 and 1054-6. 

LOOSE BODIES IN THE JOINTS. — ^Thesc may occur in otherwise 
apparently healthy joints, in which case they are usually the result of 
traumatism — portions of cartilage, or cartilage and bone, becoming 
detached and lying free in the joint-cavity, or remaining partially 
•adherent at their site of origin. These bodies may, in the knee- 
joint, become anested between the anterior surface of the bones 
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and the capsular ligament, and produce sudden “ locldng ” oi t\ie 
They may also give rise to recurrent attacks of synovitis. 

In diseased joints, loose bodies may also occur, and may be composed 
* of detached fragments of cartilage, hypertrophied synovial fringes, bone, 
or, perhaps most commonly, either wholly or in part, of fibrinous exudate. 
The first three varieties arc seen especially in cases of arthritis deformans ; 
whilst the last-mentioned are of common occurrence in arthritis "with 
exudation (e.^. tuberculous arthritis), and constitute the so-called rice 
or melon seed-bodies. ' 

, ^trangeways ^ points out, in an interesting paper, that the stain ing- 
properties and the appearance of the cells of these bodies on section 
sliew that they are alive at the time of their removal from the joint - 
cavity. Ho maintains that they are nourLshed by the synovial fluid. 

HEMOPHILIC JOINT-DISEASE.— JEffusion of blood may take jjlace 
into t]jc knee, or, less commonly, into other joints, in eases of haemophilia. 
The blood may be completely absorbed, but, in some cases, adhesions are- 
left ; and, in others, changes like those seen in osteoarthritis may develop. 

tSt rangeway s : “The Nutrition of Articular Cartilage,’’ Brif.* Jl/ecl. Jour., 
May J5, J920, p, 61. 
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DISEASES OF THE VOLUNTARY MUSCLES 

RUPTURE of muscles — apart from injury— may arise from sudden or 
violent contraction, and may involve only a few fibres or numerous 
strands of the muscle. The condition is usually accompanied by a 
coTisiderable amount of hfjmorrhage and swelling. 

HiEMORRHAGES into«and between the muscle-fibres are common in 

f 

fevers, e.g. in cerebro-spinal fe^'^er, in haemorrhagic diseases, such as 
scurvy, purpura, and haemophilia, in septicaemia, and in cases whefe 
there is an excessive action of the mjuscles, e.g, in tetanus^ and other 
convulsive disorders. Usually, the haemorrhagic areas are minute; but, 
in scurvy and in haemophilia, large extravasations may be found, which 
tear and push aside the muscle-fibres. Extensive haemorrhage also takes 
])lace in rupture of muscle. 

CEDEMA.^ — The inter-muscular connective tissue, and the inuscles 
themselves, juay shew considerable oedema in Bright's disease, in anaemia, 
and in other conditions in. which oedema is generally found in the other 
tissues. 

DEGENERATIONS 

(1) CLOUDY SWELLING is common in general infective diseases, 
such as fevers, etc. The muscle-fibres become swollen, pale and oj^aque, 
as if they had been immersed in hot water. Microscopically, the striation 
1 becomes obscured or even lost, and the sarcoplasm appears more granular 
than normal. 

(2) FATTY DEGENERATION follows disuse from paralysis and 
other causes; it may be a sequet of cloudy swelling; or it may 
be a primary condition arising as a result of toxic poisoning in 
acute fevers, e.g, diphtheria, and in general septic diseases. It occurs 
to a marked degree iif phosphorus-poisoning. To the naked eye, the 
muscle has a yellowish colour, and tears very readily. On microscopical 
examination, oil-droplets are seen iii^the muscle-fibres. In certain dis- 
orders associated with an abnormal carbohydrate metabolism, especially 
diabetes mellitus, there may be a great increase in the amount of irrter- 
stitial fat present in the muscle, without much evidence of tnie fatty 
degeneration. 

(3) WAXY or AMYLOID DEGENERATION is said to occur in the 
connective tissue of the muscle-bundles. 

(4) CALCIFICATION is sometimes found as a sequel of other degenera- 
tive changes in the muscle itself; but it more commonly originates in 
the inter-muscular tissue, secondary to^^non-suppurative or suppurative 
inflammatory conditions. It may also occur in, and around, ^ parasitic 
cysts, e. g, those of Trichmdla spiralis. * 
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(5) PIGMENTATION.— An increase in pigment is very common in 
muscle which is undergoing atrophy — the pigment appearing in the form 
of yellowish granules, and accumulating especially around the poles of 
the nucleus. ^ 

NECROSIS of muscle-fihres occurs in fevers and other toxic diseases, 
and also may result from their invasion or compression by malignant 
•growths. The muscle-fibres appear more homogeneous and are s(j^ncwha.t 
swollen, their nuclei having lost the power of faking up basic stains. 



P’10. 407. — Necrosis (so-calkU Zenker’s Degeneration) of Muscle 
(rectus abdominis) in typhoid fever. X 200. 

j • 

» 

• COAGULATION-NECROSIS— (Zenker’s Degeneration)— a condition 
wbicli is, ty some authors, incorrectly called “ hyaline degeneration ” — 
occurs especially in typhoid fever and similar diseases. The muscle- 
fibres are swollen, present a homogeneous appearance, have lost their 
stiiation, and finally break up into small translucent masses which 
gradually become absorbed. Haemorrhages into the degenerated areas 
are not uncommon. The abdominal muscles, the psoas, and the adductors 
of the thigh, are the usual sites 6f this change. Though occurring especi- . 
ally in 'typhoid fever, a Similar coagulation-necrosis may occur in all 
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severe fevers, such as smallpox, scarlet fever, etc., as well as in a variety 
of other conditions. 

ATROPHY : 

(1) Simple Atrophy of imiscle occurs in old age : in all wasting diseases, 
such as tuberculosis, cancer, diabetes mellitus, etc. : in cases of starvation 
and in iftost acute infective diseases, e,g. fevers. It arises also as a result 
of diseases of joints, as in th% muscles of a limb where the joint is ankylosed : 
or as a secondary result following over-use. The latter form is well 
illustrated by the atrophy of the sterno-mastoids, the scaleni, and <chb 
other extraordinary muscles of respiration, which supervenes?, upoji the 
hypertrophy of these muscles, in loJig-standing cases of respiratory 
(‘Uibarrassmejit : and from the prolonged over-use of certain muscles in 
some trade-occupations arul sports. 

Microscopical examination of these wasted muscles shews a conhder- 
abh^ inen^ase in the number of the nuclei, which are often arranged in 
groups at the periphery of the fibre. The transverse stiiation is frequeiitly 
[)oorly marked and, in some instances, absent. Some of the fibres have 
a Jiyaline appearance, while others become granular. There is often a 
relaliv^' increase in the amount of interstitial fibrous tissue; but the 
amount of fatty tissue varies very much in different cases — ^in some it 
is entirely absent, in others it is increased in amount. 

(2) Neuropathic Atrophy. — ^IJnder this term are included all the forms 
of muscular atro])hy which result from disease of the peripheral or central 
nervous system.,. The wasting may be of the muscle as a whole, or only 
certain individual fibres may be involved. Special muscle-groups mv 
affected in different cases, according to the site of the lesion in the. nervous 
system; and the extent and degree ot wasting arc also partly dependent 
oji the same factor. Thus, in disease or injury of the peripheral nerves, 
the wasting is confined to the muscles supplied by the nerve ; and the 
degree of atrophy may j^ary considerably, according to the extent and 
nature of the lesion. Thus, in neuritis, the atiopky may be slight, or it 
may be very marked ; v/hilst, in cases ©f injury, where the nerve has been 
cut or torn across, the atrophy may be rapidly produced and extreme in 
degree. In disease of the spinal motor cells and their axis^cylfnder pi*o- 
cesses in the cord, there may be extreme wasting of the muscles ; c.or the 
atrophy may be partial and only involve a few individual fibres — ^this 
variation depending, to a certain degree, on the extent of the destruction 
in the spinal cord, and the number of the motor cells involved. Atrophy 
as the result of changes in the lower neurons, is seen in infantile paralysis, 
progressive muscular atrophy, and amyotrophic lateral sclerosis. In 
disease of the upper neurons, the wasting is usually less rapid and less 
e^ctreme, as the neurotrophic influence of^e lower neurons is still present. 
Usually, however, owing to the loss of the influence of the cells of the 



DISEASES OF THE yOLUNTAEY MUSCLES 1061 

upper neurons, and consequent loss of voluntary movement, the muscles— 
being deprived of their function — ^also undergo atrophy. The affected 
muscle-fibres are generally pale and flabby, and, on microscopical examina- 
tion, the striation may be obscured, and the fibres fragmented; and 
coagulation-necrosis, or fatty degeneration, may be present. Not uncom- 
monly, there is a proliferation of the connective tissue between the 
'atrophied muscle-fibres ; and an excessive accumulation of fat ijpar also 


rid. 498. — Pfteiido-hypertrophic Muscular Atrophy. Lougitudiual section 
of erector spinae mflsclo. (See text.) X 200. 


tefke place in the same situation. This adipose condition is often very 
marked. • 

(3) Myopathic Muscular Atrophies (the Muscular Dystrophies), the 

pathology of which is unknown, are generally described as occurring in 
two main forms — ^the atrophic and the pseudo-hypertrophic {see pp. 1003-4) ; 
but Erb has shewn that there is no sharp division between these forms. 
He subdivides the disease into two groups : — 
i. Those cases which occajr in infancy. 
ii» Those which occur in youth and adult life. 
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He maintains that, in all cases, there is, first, nyperrropny oi me 
muscle-fibres, and a slight increase in the amount of connective tissue. 
Later, atrophy supervenes— the muscle-fibres become vacuolated and 
fragmented, the sarcolen^ima-nuclei greatly increased in numbers, and 
the connective tissue in and between the bundles increased in amount. 
Fat is deposited in this new connective tissue in varying degree — ^being 
sometin^es so abundant as to produce very large masses of fatty tissue,' 
which give to the affected ^art the appearance of hypertrophy. 

* In different instances s|>ecial groups of muscles are affected. Thus, 
in some of the cases occurring in infancy, the muscles of the face shew j-Le 
involvement early in the disease; whilst in others, tte facial muscles 
seem to escape. 

i'he changes are best seen in the so-called pseudo-hypertrophic forms, 
and , in these* cases, particularly in the muscles of the calves. The extensors 
of the leg, the glutei, the lumbar muscles, the deltoid, and the triceps, 
are the next most frecpiently involved. Except in the special instances 
already mentioned, the muscles of the neck, face, and forearm* rt^rely 
suffer. c 

INFLAMMATION :-~ 

Varituis forms of inflammation of muscle have been described, but it 
is suHicient to distinguish between the non-suppurative and the suppura- 
ative types. 

(а) Non-Suppurative Myositis Ls usually the result of traumatism : or 
secondary to inflammation of neighbouring structures, e,ff, the skin, 
bones, joints, niUcous membraTies, etc. It is frequently primary, due to 
some infective agent, e.ff. that seen in rheumatism; and it is also asso- 
ciated with trichinelliasis (trichinosis). It presents the ordinary pheno- 
mena of inflammation in other situations, the muscles becoming swollen, 
congested, and oedematous, and infiltrated with polymorphonuclear 
leucocytes (Plate XVII, fig. I). 

In cases in which tlte inflammatory reaction is due to the irritation 
of a foreign body, such as a bullet, a piece of clothing, catgut-ligatures, 
etc., and in which sepsis is not pronounced, the muscle-fibres tetid to lose 
their striation, to become homogeneous in appearance, and eyentually 
to disappear. The sarcolemma-nuclei undergo proliferation, and* a 
characteristic feature is the production of large mononucleated (Plate 
XVII, fig. 2) and also irregular multinucleated cells — cells ^concerned 
apparently in the process of absorption. 

(б) Suppurative or Purulent Myositis may follow suppurative affections 
in the neighbouring structures ; or may be hsematogenoua in origiri — ^the 
organisms being canied by the blood-stream and deposited in the muscles, 
for example, in cases of pyaemia, erysipejas, purulent arthritis, etc. The 

* ptis may burrow in various directions between, and in, the muscle-bimdles ; 
and the muscle-fibres become swollen, softened, and n^rosed. In the 
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PLA'J'E xyii 

Fig. 1. — Muscle-fibres adjoining a wound (3 days). x 700. (a) Healthy muscle; 

(6) degenosated muscle which is being penetrated and absorbed by both polymorpho- 
nuclear leucocytes and mononucleated cells. (From thesis by J. W. Dawson, M.D.) 


Fig. 2,^ — Muscle almost replaced by 2 )hagocytic mononucleated cells. Note the remains 
of muscle -fibres in the phagocytes. (From thesis by J. W. Dawson M.D.) 
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more intense cases, haemorrhage and gangrene may occur ; and the muscle 
may be completely destroyed. 

MYOSITIS OSSIFICANS. — In this disease, the formation of bone 
* occurs in the muscles.. The condition may follow an injury, or such 
degCTierative and necrotic changes as result from acute inflammation. 
In the process of repair of these damaged parts, granulation-tissue is 
•developed ; and this may undergo myxomatous change, or calci^catiou ; 
or it may become the seat of actual formatS)n of bone. The muscles 
most frequently affected are the deltoid and pcdtoral muscles, the adductors 
yf the thighs, and the other muscles of the arms and legs. The bone may 
be in t^e form of irregular nodules, ncedlc-like masses, or plates. 

A pro^essive form (Myositis Ossificans Progressiva) occurs especially 
in young subjects, and affects the muscles of the neck, back, and thorax, 
spreading gradually over the entire body. The cause of this form is 
unknown. 

tIjberculosis, as a primary condition in muscle, is rare; but 
secoiidary infiltration from neighbouring structures such as tuberculous 
boijes, joints, skin, serous membranes, etc., is commou — producing 
abscesses and other destructive changes in the muscles. The psoas and 
lumbar abscesses which result from tuberculous disease of the vertebrae, 
aiid abscesses in the neighbourhood of the hip- joint, are common examples 
of this secondary infiltration. 

SYPHILIS.- -Some of the more chronic forms of myositis may be 
syphilitic in origin, but the most frequent manifestation of syphilis in the 
muscles is the presence of gummata. These may form large tumour-like, 
masses, presenting a central area of caseafion, and a peripheral zone of 
vascular granulation-tissue. Between these two zoiies, there are usually 
several layers of fibrous tissue, more or less dense in character. The 
vessels may shew marked peri- and end-arteritis. The muschjs most 
commonly affected are the biceps, the muscles of the neck and back, tin; 
tongue, and the sphincter ani. 

ACTINOMYCOSIS,. MYCETOMA, GLANDEBS, and LEPROSY, may 

involve the muscles in the vicinity of the origirial lesion. 

TUMOURS of muscle are usually secondary ; though primary sarcomata 
are desejibed^ The fibromata, lipomata, myxomata, osteomata, ei.e.., 
fofmd in muscle, take their origin usually from the interstitial fibrous 
^tissue* and noV from the muscle-fibres. Rhabdo-myomata — often terato- 
matous m origin — and mixed teratomatous tumours containing strip(‘.(l 
muscle are also found. Sarcomata and carcinomata occur as secondary 
growths, and commonly arc the result of direct spread from tumours in 
the vicinity. 

PARASITES ^ — Trichinella spiralis, Cysticerus celluloscB, and. Hydatids 
have been found. These are frilly described in Chapter XL 

Foi; Rigor Mortis see p. 87, and Healing and Regeneration of Muscie; 

p. 223, General Pathology, and Plate XVII, figs. 1 and 2, p. 1064. 
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SPECIAL PATHOLOGY 


DISEASES OF THE TENDONS, TENDON-SHEATHS, AND 
. BURSvE 

Only a brief reference to these is required here, as the subject is fully 
dealt, with in works on Surgery. 

RUPTURE OF TENDONS . — ^Tendons may be torn from their attach- 
ments, or niptiire of thcm«(6.^. of the tendon of the plantaris muscle, 
the tendo Acliillis, etc.) may take place especially if they are the seat 
of previous disease. 4. * ^ 

DISPLACEMENTS of tendons, e. g, of.fche biceps, or of one of the peronei 
musWes, occavsionally occur. 

HEMORRHAGE INTO TENDON-SHEATHS sometimes results from 
injury, from severe inflammation, ftr from other causes. 

CALCIFICATION follows other degenerative or chronic inflamnAitory 
l(vsions. GOUTY DEPOSITS of urates are found in and around tpndons 
and their sheaths. 

INFLAMMATION OF TENDON-SHEATHS or TENO-SYNOVITIS, is of 

greater importance, and the pathological changes produced are analogous 
to thos(i caused by inflammation in other closed serous sacs. Teno- 
Syiiovitis may be acute or clironic -dry, with effusion of fluid, or 
suppurative. 

{a) Acute Non-suppurative Teno-Synovitis may be traumatic, c.g, 
fiom over-action , or from sprains ; or infective in origin, e, g. from infection 
with tlic organisms of acute rheumatism, goiiorrhcea, etc. Gonorrhoeal 
cases are g(‘.nera,lly suppurative; but pus is never developed in uncom- 
])licated rheumatic cases. Acute inflammation may also occur in gout. 
Ill such cases, the amount of fluid exudate varies greatly. 

(6) Suppurative Teno-Synovitis due to the involvement of the tendon- 
sheaths in infected wounds ; to the extension into them of local suppur- 
tive conditions, e.g, in ^whitlow; or as a part of a more genoralisiHl 
infection, e.g, in gonorrhoeal and other septicaemias, and in pyaemia and 
analogous conditions is frequently fouiMi. 

(c) Chronic Teno-Synovitis may be a sequel of acute inflammation; 
but, more commonly, it is tuberculous or syphilitic in origin. TEe patho- 
logical changes in tuberculous teno-synovitis are practically idmitical 
with those found in tuberculous arthritis. The chief varietijt'.s arc (1)'* 
a gelatinous form, in which the tendon and its sheath become softened 
and jelly-like : (2) a variety accompanied by serous effusion : and (3) 
a form which leads to the production of ‘‘ chronic abscess.’’ In Syphilis, 
the tendons and their sheaths are sometimes the seat of a comparatively 
acute inflammatory attack, but, more frequently, the process is a chronic 
-one. Gummatous formation occurs in the substance of tendons, and 
interstitial overgrowth is also a sequel of syphilis. 
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These various forms of teiio-synovitis may be accompanied, or followed 
by, the production of adhesions. The intenser forms of inflammation, 
especially if suppurative, may lead to necrosis of the afiected tendon. 
Cicatricial contraction, . pn)ducmg deformities^ also follows in certain 
instances. 

TUMOURS OF TENDON. — Primary tumours are rare. Myxomas, 
'fibromas, chondromas, osteomas, and sarcomas, have been d^soribed. 
Secondary infiltration by malignant tumours lof neighbouring structures 
may, of course, take place. ' , 

'diseases of BURSiE 

Inflammatory conditions of these are of importancti, and are Jfully 
discussed in surgical textbooks. 

Acute Bursitis may be non-suppurative, suppurative, or flammiThagic. 
In tl^e first-mentioned of these, efliish))! is usually, though not always, a 
cliara'cteristic filature . Chronic Bursitis may be secondaiy to pnnuous 
acufe 'disease, or it may be tuberculous or S3"philitic.. Both acute and 
chponic forms are found in gouty subjects. • 

Tumours, sucli as fibromas, myxomas, chondromas, and sarcomas, 
occasionally arise from bursse. 

“ Adventitious Bursae ’’ are developed oyer bony prominences subject 
to pressure and irritation, e.g. in cases of bunion, or on the shoulders, 
necks, or heads of porters who are accustomed to carry heavy weights 
on these parts. Such false bursa) are very liable to inflammation. 

“ Ganglion.” — ^In this condition, cavities, sometimes o[ consideraljle 
size, and containing clear, wliite-of -egg-1 ike fluid, of, perhaps nuire 
cliaracteristically, a transparent, colourless, material resembling glycerine 
j(*lly, are developed in the neighbourhood of joints and tendon-sheaths' - 
most commonly about the dorsal aspect of the wrist. Their origin is 
much discussed. They have usually been regarded as narrow-necked 
diverticula growing from the synovial membranes of joints or of tendon- 
sheaths; but, more I'^cently, the view has beefl advanced that they are 
myxomatous in nature, and arise from the connective -tissue elements 
in the neighbourhood of, but not constituting i^art of, the joints or tendon- 
sheath. • • 
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tropical, 802 
pyjjciTiic, 802 
of long, 09(1 

lliyroid gland, 835 
pcri-ncpliric and ])eri-nc]dirit.ic, 887 
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Anaemia, pernicious, changes in lungs, 
central nervous system and 
miu*oiis'm(‘mbrnn(»s, 022, ()23 
chmigi's in s})loen in, (>22 
sec<nidary, 013, (il9 

causes of, methods rif action of, 
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in t-umourM. 023 
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pathic, (>17 

Anastomotic aneurism, 500 ^ 
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Aneurisms, 538, 542, 550 
x'tiology t»f, 555 
anaHtoim)De, 500 
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definition of, 555 
dissecting, 558 
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false,” 559 
fusiform, 557 * 

mdiarv, 557, 558 
of tbo‘liear1, 511, 52(> 
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Angina, 740 

Jvudovici, 743 
Vincent’s, 741 
Angioma oWivor, 812 
Anisocytosis, 572 

in secondary anaemia, OK) 
Ankyloglossia, 735 
Anthracosis, 033, 099 
Anus, imperforate, 759 
Aorta, abnormalities of, 500 
aneurism of, 550 
atheroma of, 543, 548, 551 
stenosis of, 499 
Aortic incompetenco, 517 
stenosis, 517 
Apituitarism, 858 
Appendicitis, 769 

Aran-Duchenne type of poliomyelitis 
anterior chronica, 1002 
Areola of breast, tumours of, §37 
Arm, bones of, deformit ies due to rickets, 
1026 . . 
Arsenic poisoning, neuritis in, 1016 
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ArterieSt acuto inflammation of^ 540 
atrophy of, 538 

calcareous degeneration of, 539 
classiflcation of pathological 
chang<is, 553 
diseases of, 538 
(‘rnbolisin of, 52C, 540, Qtl 
fatty degeneration of, 539 
hyaline, amyloid, or waxy degenera- 
tions of, 640 
hyp<^trophy of, 538 
lesions of, rheumatic fever- and, 556 
of kidney, lesions affecting, 877 
, syi)hilitic disease of, 551 ^ 

tuberculous disease of, 553 
Arterio-sclerosis, 540, 969 
effect on heart, 530 
Arteritis. 540, 969 
Arthritis deformans, 1051 
gnnoirlKcal, 1050 
gouty, 10,51 
inlet!tivo, 1054 
purulent, 1050 
rbeumatic, 50S, 1050 
. rbeumatic and rheumaloid, chronic, 
1051 

s('iiile, 1054 

simple ormoii-suppuratiN'o, 1049 
Arthropathy, neuropathic, 1054 
Ascites, 784 

chylous, 630, 784 
Aspiration-pneumonia, 695 
Asthma, 673 
Asylum dysentery, 773 
Ataxia, locomotor, 1007 
spinal, hereditary, 1009 
Atelectasis, congenital, 672, ()80 
Atheroma, 541 

leliology of, 547 
diffuse or scloi-ous, 545 
effoets of, 549, 9ti9 
nodular, 541 
pathogem^sis of, 549 
sites of occurrence, 523, 540 
Athero-sclerosis, 641 
Athyrea, congenital, 842 
degenerative, 843 
operative, 843 

Atresia of pylorus, 747 < 

Atrophy and degenerations of sfomneh, 
755 

-of arteries, 538 
of bone, 1028 
of brain, 966 
of intestines, 704 
of liver, 796 

of lymphatic glands, 032 
of mapimary gland, 934 
of muscles, 1061 

peroneal typo, 1003 
progressive, 1002 
of myocardium, 619 
of pancreas, 820 
of tongue, 736 

Auri|}|ilar<5utter and flbrillation, 536 
Aiiri|Mfb-llOda^ function, cardiac, 536 
AuiionlCHMtrioular connection, cardiac, 

* >34 

4iitaooids, 832 


Bacillary dysentery, 772 
Bacilluria, 921 
Baoteruiia, 921 
Balanitis, 931 

Banti’s disease, 659 
Barlow’s disease, 627, 1027 
Basophil leuc*oblastic reaction, 594 
Basophilia, difluso, 574 
punctate, 574 

in pernicious anaemia, 620 
Beri-beri, neuritis in, 1016 
Bile-ducts, diseases of, 817 
inflammation of, 820 
obstruction of, 823 
Bilharziasis, intestinal, 783 
Biliary abscesses, 803 ^ < * 

calculi, 821 

cirrhosis, 807 » 

Bfadder, cong(mital abnnrmalit ICS of, 
919 

dilatation of, 920 
diseases of, 919 
dislcnsion of, acute, 920 
Iwomorrhage into or trom. 02('.'‘ 
inflammation of, 921 
injuries to, 920 , 

malakoplakm. of, 924 
neoplasms c»f, 922 
parasites of, 924 
rupture ot, 920 
Blood, alkalinity of, 570 

changes in, m leukaaiiia, 605 

in lymphatic loiikteima, (>10 
in malignant disease, (>23 
fiermcious ameinia, (>20 
n sarcoma, 625 
n secondary aiuemias, (>!(> 
chemistry of, 567 
f'ireul iting, total voliinu^ of, 564 
coagulability of, 570 
conditions in clilorosis, (>I8 
corpuscles, red, 572. (i/so Ery- 

throcytes 

d>‘st rue.lrion of, 597 
fatty substances in, 569 
freezing point of, 570 
glucose in, 668 
glycogen in, 568 

“ incornpj^ilile,’' for transfusion, 571 
inorganic salts m, 569 
nitrogen -containing substances in, 
« 568 

osmotic pressure of, 670 
plasma conditions, 567 
serum of, specific gravity of, 669 
types of, suitability for transfusion, 
571 

variations in formed constituents of, 
570 

white corpuscles or leucocytes, 575 
See also Leucocytes 

Blood and Blood-forming Organs, diseases 
of, 564 ^ 

diminished activity of, in secondary 
ansemia, 616 

special pathology of, 604 
Blood-oells, increased destruction of, 
in secondary ansemia, 61^ 
origin and formation of, 679 








